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PREFACE TO THE THIRD EDITION. 


The exhaustion of the second edition of this work has afforded 
another opportunity for careful revision of the text and illustra- 
tions, and the addition of some important material, which has 
been developed since the appearance of the second edition Many 
new drawings and a number of new micrographs have been pre- 
pared. The chapters on the lymphatics of the dental region and 
the absorption of the roots of teeth have been added, and the 
chapters on embryology, greatly enlarged. 

The conditions at the present time, and especially the interest 
of the medical profession in the mouth as a source of systemic 
infection have put new emphasis on the teaching of histology, and 
have greatly changed the attitude of the dental profession. The 
need for a thorough knowledge of tissue structure and function is 
realized as it never has been before, and the demand for thorough 
training in the fundamental biological sciences has greatly increased. 

The present interest and emphasis of the profession on the i elation 
of the pulpless tooth to systemic diseases has somewhat changed 
the relative distribution of the text The pages devoted to the 
enamel have been reduced, those devoted to the dentin, cementum 
and supporting tissues increased, and the chapter on the lym- 
phatics added 

The work is primarily intended as an elementary text-book for 
dental students, rather than an exhaustn'e treatise on dental 
histology For this reason, discussion of disputed ideas, presentation 
of various opinions, and reference to the work which has developed 
the subject have been largely and purposely avoided It is the 
author’s opinion that it is better for the student to get a clear idea 
of structure that he can use as a basis for thinking, rather than to 
be left with a hazy impression of differences of opinion. 

In the preparation of this (the third) edition the author is 
specially indebted to Dr. Newton G. Thomas, who has prepared 
and uTitten the chapter on the Absorption of the Roots of Teetli, 
and to rilr.s N. M. Frain, the artist for the department, who has 
made the illustrations !<' R JvJ. 

Cin<'v'.o, 1021 
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DENTAI HISTOIOGY. 


INTRODUCTION. 

The development in knowledge of the cell has had a most pro- 
found effect upon the entire practice of medicine, in fact, the 
progress of modern medicine has dated from the studies of cell 
biology, the germ theory of disease being only one of tlie phases 
of this development In terms of the cell theory the functions 
of the body are but the manifest expression of the activities of 
thousands or millions of more or less independent but correlated 
centers of activity. If these centers or cells perform their func- 
tions correctly, the functions of the body are normal, but if they 
fail to perform their office or work abnormally, the functions of 
the body are perverted In the last analysis, then, all physiology 
IS cell physiology, all pathology cell pathology. To modern medi- 
cine, histology, or the cell structure of the organs and tissues of 
the body, together with cell physiology, is the rational foundation 
of all practice. This is as true for the dentist as for the physician 
m regard to the soft tissues of the mouth and teeth that he is called 
upon to handle With canes of the teeth, the disease which most 
demands the attention of tlie dentist, the case is somewhat different 
Caries of the teeth is an active destruction, by outside agencies, of 
a formed material which is the result of cell activity, the teeth 
themselves being passive The cellular activities of organs and 
tissues of the body may have an influence, but this is only in pro- 
ducing those conditions of environment which render the acti\ ities 
of the destructive agent efficient in their action upon the tooth 
tissues Though the dental tissues are passive, the phenomena 
of caries can only be understood when the structure of the tissues is 
understood, and not only must the treatment be based upon knowl- 
edge of the structure of the tissues, but the mechanical execution 
of the treatment is facilitated by that knowledge of structure. 

In the preparation of cavities, the arrangement of the enamel 
wall IS determined by the knowledge of the direction of the enamel 
2 ( 17 ) 
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prisms in that locality, and to a certam extent the position of 
ca\ity margins must be governed bj the knowledge of tlie struct- 
ure of the enamel In the execution of the work a minute knowl 
edge of the direction of enamel rods becomes the most important 
element m rapidity and success of operation The longer tlie 
author studies and teaches the ‘itructure of the enamel in its rela- 
tion to the structure and preparation of enamel walls the more 
he finds himself using this knowledge at the chair in daily opera- 
tions He believes that nothing will do more to increase facility, 
rapidity, and success of operation than a close stud> of the enamel 
structure 

All tissues are made up of two structural elements — cells and 
intercellular substances The cells give the vital characteristics 
the intercellular substances tlie pbjsical character The cells 
are the active living elements, the intercellular substances are 
formed materials produced bj the activ itj of the cells and more 
or less dependent upon them to maintain their qualitj but tlie> 
possess no vital properties They surround and support the cells, 
and the phj steal characteristics ate given b\ them An under 
standing of the relation of cells and intercellular substances in the 
structure and function of tissues is absolutclv fundamental to the 
studj of dental histologv, and should be acquired m a thorough 
study of general histologj before the subject is undertaken 

At the time the first edition of this work w as prepared the relation 
of histologic structure of the enamel to the mechanical operation 
of dentistrj was receiving special attention because of the study of 
cav ity form for the prevention of the recurrence of canes and the 
changes necessitated in cavity preparation because of this study 
This phase of dental histology is just as important as e\ er but it has 
been so generally accepted and so clearly grasped that now most of 
the applications in practice are taught, where they properly belong 
m Operativ e Dentistrj and the Technique of Cavity Preparation 
In this edition, therefore the space dev oted to tins subject is greatly 
reduced 

The problem of the pulpless tooth which now occupies the fore- 
most place m the attention of the dental and medical professions 
emphasizes the importance of the histolog> of the dentin and 
cementum and places new importance on the relation of cellular and 
mtercellular substances m the tissue For the dental student this 
subject should be giv en more careful consideration than is usual 
m elementary courses of general histology 



CHAPTER I. 


HOMOLOGIES. 

Exoskeleton. — ^In studying the organization of animal forms they 
are found, very early in the evolutionary stages, to develop some 
sort of a framework, or skeleton, to support and protect the crea- 
ture. In the lower and earlier forms this framework is formed 
entirely of some sort of shell upon the outside of the creature, and 
consequently is called an exoskeleton This may be either horny 
or chitinous in nature, as in the insects, crabs, etc., or it may be 
calcified, as in the shell-fish, or it may be both. The exoskeleton 
serves not only as a supporting framework, but also as a protection. 

Endoskeleton — ^In the higher forms an internal framework, or 
endoskeleton, is developed, which forms the scaffolding to support 
the creature, but does not act as a protection. In the first place, 
this is of cartilage, but may be changed into bone. 

The exoskeleton is a product of the skin and may be of either 
epithelial or connective-tissue origin, or from both The skin is made 
up of tiyo parts the epithelial covering or epidermis, and the sup- 
porting connective-tissue layer, or derma Both layers take part 
in the formation of most exoskeletal structures. In the hair, the 
shaft is of epithelium, the bulb of connective tissue. In the tooth, 
the enamel is from the epithelium, the dentin, from connective tissue. 
In all bony structures belonging to the exoskeletqii the bone is 
formed in fibrous tissue and is never preceded by cartilage. Bony 
structures belonging to the endoskeleton are formed from cartilage. 
In lower forms of animals they remain abvays cartilage. In man the 
cartilage is partly converted into bone, all of the bones of the endo- 
slvclelon being preceded by cartilage. 

The first trace of the endoskeleton is found in the lowest form 
of \crtcbrate, the Ainphioxus or Lancit, the lowest form of fish, 
and appears as a rod or notochord m the dorsal region. There is 
also an important difiercncc in the nervous organization (Figs 1 
and 2). In the iinertebratc the nervous system is represented 
by a larger or smaller ganglion in the anterior or head end, corre- 
sponding to the brain, this is dorsal to the alimentary canal. From 
tlub a ring jias^es around the anterior end of the alimentary canal 

( 19 ) 
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and unites with a chain of ^nglia ventral to it The nervous 
system of the invertebrate then is, with the exception of the brain 
ganglia ventral to the alimentary canal and corresponds to the 
sjmpithetic sjstem m higher animals It will be noted that tlus 
arrangement puts tlie nervous system, which controls the actnity 
of the individual in tlie most protected position The invertebrate 
crawling upon the ground js subject to attack or injurv from above, 
but it maj be cut almost m two before tlie nerv ous s> stem is reached 
In the vertebrate the central nervous sjstem appears as a chain 
of ganglia dorsal to the alimentarj canal and notochord (Tig 2) 
'Ibis difference ib significant, and maj be expressed roughiv m 
thia waj The invertebrate framework is an outside protecting 
shell upon whicli the creature depends for protection The verte- 
brate framework is an internal structure to facilitate motion and 
give support and is accompanied bj a development of the nervous 
org inwAtion so that the creature protects itself bv more rapid 
motion In the invertebrate tlie digestive sistem is above or 
dorsil to the nervous sjstem, m the vertebrate the nervous sj'stem 
iij in the upper position, both structurallj and functionallj 
In ascending in the scale of organization the endoskcleton 
increases in importance and development while the etoskeicton 
decreases m importance and development 
troru the stvndpoint of comparative anatomj the teeth are 
not a jiart of the osseous system but appendvges of the skin, and 
are to be tompared with such structures m the bodj as the hair 
ind tlie n ills Ihe teeth are a part of the exoskeleton, and their 
relation to the bones is entirelv secondary for the purpose of 
strength, the boot grow tng up around the tooth to support it 
Placoid Scales — In the skin of such fishes as the sliark and the 
do^ fish small calcified scales are found which arc made up of a 
conical c.ip of calcified tissue like enamel, resting on a cone of 
dentin nhicli contains a vascular core or pulp These are sur 
rounded b\ i basal plate of tissue like eementum into whicli the 
fibers of the tierraa are irolicvldcd Onlj the tips of these scales 
project tlirough the skin ’Ihe«e are the structures from which 
the teetli liave been derived m evolution 
From the standpoint of development the month cavitj is to 
be regarded a', a part of the out^de burfacc of the body which has 
been enclostd b\ tlie development o rmg parts, and the 

dermal sc-ih > ur nidimentan teeth, found in 

covering tlit arches forming the j underg 
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development for the purpose of seizing and masticating the animal’s 
food. In the simplest forms there is only a development in size 
and shape of these scales^ and they are supported only by the con- 
nective tissue which underlies the skin. These teeth are easily 
torn off in the attempt to hold a resisting prey, and in the shark 
(Fig 3) they are continually being replaced by new ones In the 
more highly developed forms the bone forming the jaw grows 
upward around the bases of these scale-like teeth to support them 
more firmly and render them more useful. 



Fig 3 — Shark’s skull (Lamna comubica), showing succession of teeth 

Homology and^ Analogy. — In biology structures that are similar 
in formation and origin are called homologous. Structures that 
are similar in function are called anahgoais. A structure or organ 
may be both homologous and analogous to another, but not neces- 
sarily so For instance, the wing of a fly is analogous to the wing 
of a bird, because they are used for the same purpose, but they are 
not homologous The wing of a bat and the wing of a bird are 
both analogous and homologous, being used for the same purpose, 
and having similar structure and origin The arm of man is homo- 
logous to the wing of a bird, but not analogous to it. The jaws of 
a crab or beetle are analogous to the jaws of man, but they are not 
homologous structures, as the jaws of the crabs and insects are 
modified legs. The teeth are said to be homologous to the dermal 
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layered bag or cap, the connective tissue growing up in the form 
of a cone-shaped papilla into the cavity of the cap (Fig 4). ^ The 
epithelial cells of the inner layer, next to the connective tissue, 
multiply rapidly and develop horny material and are pushed out 
from the surface of the skin as the shaft of the hair 

In the development of tlie tooth there is at first a thickening of 
the epithelium, and a mass of epithelial cells like that forming the 
hair, but larger, grows down into the connective tissue (Fig. 5). 
This becomes bulbous, then invaginated, forming a two-laj^ered 



Fig 5 — Diagram to illustrate development of a tooth, A, inner layer of enamel 
germ. B, outer layer, C, remains of intermediate cells, D, dentin; DL, dental 
lamina, E, epithelium, E O, enamel germ, En, enamel, F, dental furrow; 
L D, labiodental furrow, M, connective-tissue cells, O, odontoblasts, P, dentin 
papilla, P.G, reserve germ, V, bloodvessel (Cunningham's .Anatomy ) 


cap. The two layers are at first perfect and are farther from the 
surface than the epithelial structure which develops the hair. A 
cone-shaped papilla of connective tissue, the dental papilla, grows 
up into the cavity of the epithelial organ corresponding to the bulb 
of the hair 

The inner layer of epithelial cells produce the enamel, the outer 
layer of connective-tissue cells, covering tlie connective-tissue 
papilla, develop the dentin, leaving tlie pulp inside as the remains 
of the dental papilla. 



UQXtOlOGIES 


CO 

M the hi Ion of the dticlopment or eiolutmn of the 
^pecjfi OnViQniu n thc<ie%t!opmentof the ijnh\jdt!i! In homol- 
opriKK structure m nn% Iraei the simihnn m thetr origin both jn 



o li » nr tiff- elopTicKt of tlie orJ in ph\Ioj^n\ 

O' tie >n,rh,>t’^rrt»( tll*‘ jvrte? 

Eflases u ih* Eose Tiff* rrUthm of ihr of tlie t»w5 to 
ti-r ’ rrti'rl' «c‘^>’yUn ftr‘I tr»r<iert TIj*' f’or^ 



30 


THE DENTAL TISSUES 


DISTRIBUTION OP THE DENTAL TISSUES 

The arrangement and distribution of tJic dental tissues m tlic 
structure of the human teeth is best studied in ground sections 
cut longitudinally tlirougli tlic entire tooth (Plate II), and scries 
of tran3\erse sections cut through the roots For tins purpose 
the sections should not be too tliin (from 10 to 20 microns) For 
the study of the amngement of the cementum and dentm in the 
roots at least three trans\ erse sections should be ground from each 
root one from the gingnnl, one from the middle, and one from the 
apical third 

The Enamel — ^Thc enamel forms a cap o\cr the exposctl portion 
of tlic tootli Its function is to resist the abrasions of mastication 
It gi\ es the detail of crow n form to tlie tooth It extends to the 
gingi\nl line and except in old age is co\crcd in the gingual 
portions b\ the epithelium of tlic gingivic wlncJi lies in contact 
with It hut IS not attaclicd to it It is thin m the gl^gl^nl portion 
and 13 notmalK overlapped sUghtK In the cementum at the gmgival 
line It extends fartlicrapically on the labial and lingual and buccal 
and lingual, than upon tlic proximal surfaces, tspccnlK on the 
incisors, cuspids, and biatspids It is thickest in tlie occlusal 
third of the oxial surfaces and on tlic occlusal surfaces of the 
molars and bicuspids especially over tlie cusps In tlic incisors 
and cuspids it la thickest m the occlusal third on the labial and ov cr 
the marginal ndges on the lingual The ilcnto-enamcl junction 
though not parallel w itli the surface of the enamel is usimlU curv cd 
in the same direction except near the cusps in molars and bicuspids, 
where the airve is sometimes reversed apparcntlv to give greater 
thickness of enamel where resistance to wear is most needed 

In the molars and bicuspids the dento-cnamcl junction m the 
occlusal thirds on the buccal and lingual is usunlh curv cd in tlie 
opposite direction That is while the surface of the enamel is 
convex, the surface of the dentin is concave It will be seen that 
this not only giv es a greater thickness to the enamel m the region 
which will resist abrasion, but also gives it a firmer seat upon tlie 
dentin (Studv illustrations m Chapter I\ ) The dento-cnamcl 
junction IS seldom a smooth ev en surface, but w ill appear scalloped 
in sections projections of dentin extending between projections 
of enamel (Fig 7) In tliree dimensions this means that rounded 
projections of the enamel rest m rounded depressions of tlie dentm 
surface, and pointed projections of the dentm extend between tlie 
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can be removed from the dentin m the prep-\ration of roots for 
crowns \^’he^e the tno tissues jom with smooth surfaces the 
enamel can be comparati\eI> eosiU cleaeed anaj where the 
scalloping IS marked it is reroo\e<I with much greater difiitu!t\ 

The Dentin — ^Thc dentin gives the strength to the tooth Hus 
should never be lost sight of in operations^ and sound dentin should 
alwajs be conserved to the greatest possible extent m the prepara 
tion of cav ities That the function of the dentin is to gi\ e strength 
w ill be seen more clearlj from a comparativ e stiidj of teetli modified 
for special functions The dentin forms the greatest mass of the 
tooth, the tv pe form being determined b> it Tlie eusps and ndges, 
although different m form, are still represented in the dentm as 
well as the number and shape of the roots while the detail of the 
form of the roots is modified by the addition of the cementum on 
the surface 

The dentwv forms a la>er of compataliveli even thickness sur 
rounding the central cavity or pulp chamber, which is occupied 
bv the formative organ From this cavitv a great number of 
small tubules extend through tlie calcified dentm matrix to the 
surface under the enamel and cementum In the crown portion 
the course of these tubules is charactensticalK curved like the 
letter S or /, so that the tubules tend to enter the pulp chamber 
at right angles to the surface and to end under the enamel at right 
angles to the dcnto-enamel junction (Plate II) On closer studv 
these tubule directions will be found to be more complicated but 
in studv ing the distribution of dentm thej should be noted In 
the root portion the tubules art usually comparativ eh straight, 
tliat is witliout the double curve, and are at about right angles 
to the axis of the canal 

The outer hver of dtntin under low mignificition presents a 
peculiar granular appearance which is spcciallj apparent under 
the cementum This is known as the granular lajer of Tomes 
and IS cau'^ed bv irregular spaces m the dentm matrix winch com 
municate with the dentinal tubules 

The Cementum — ^The cementum covers the dentm m the root 
portion and in most cans shgbtlj overlaps tlie enamel at the 
gingival line This is not alwavs true, for in some cases it just 
meets the enamel and m otlicrs there is a space where tJic dentin 
IS uncovered between the enamel and Uie cementum (Fig 8) It 
has not been positivolv determined whether tins can ever be con 
sidered a normal condition, and the author has some reason to 
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suppose that the sections showing this condition were from teeth 
from which the gums had receded and the cementum was destroyed. 
The sensitii'eness which is so marked in some cases, where the 
gums have receded beyond the gingival line, is probably due to 
the loss of cementum and the uncovering of the granular layer of 
Tomes. 

Tlie cementum is thin and structureless in appearance in the 
gingival portion when viewed with low powers, but becomes tliicker 




I'la S — Gln(n^al line, sIioimiir the rcHtion of cn.imcl and cementum 


in tlic apical third. In the thicker portions irregular spaces (lacunfe) 
w itli radiating canals (canaliculi) are seen In life these spaces 
contain li\ing cells (the cement corpuscles), vhich correspond 
to the bone corpuscles found m the lacunre of bone Upon the 
convex surfaces of the root the cementum is thin, upon the con- 
cat c surfaces it is thicker. Tins increases vith age, and so the 
coniinnous formation of cementum tends to round the outlines 
of the roots and to unite them vherc they approach each other. 
The fibers which arc built in the cementum are often imperfectly 
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calcified, especially \\licrc tlteh\crs are thick so tliat m tlie ground 
sections they may often Ihj cnsil> mistaken for canals because the 
imperfectly calcified fiber has sfirunk m the preparation 

ADAPTATION IN THE DISTRIBUTION OF DENTAL TISSUES 

If tlie teeth of mammals arc studied in a comparatnc uaj 
many modifications will be found m the rclativ c amount and dis- 
tribution of the dental tissues adapting the tootli to perforin special 
functions A study of these modified or spccializwl teeth mil 
gne a better understanding of the functions of the tissues in the 
tooth The human tooth may be taken as a tvpe of omnnorous 
tooth and the arrangement and distribution of its tissues has 
already been described 

Teeth of Continuous Growth — In many animals the tcctli or 
some special teeth ore developed ns weapons, or os implements 
to aid in securing food It is usually the cuspid teeth tint show 
this modification as in the tusks of tlie boar and mnnv species 
of the carnivora, tlie tusks of the walrus, and other axamples 
In the case of the elephant the incisors hnv c been dev eloped in the 
same wav ^^hcncver the teeth have been developed in size for 
uses which require strcngtli and the nbihtv to wiUistand stress 
and strain the mere ise in sire is by dev clopmcnt of the mass of 
dentm, the enamel often being entirely lost during the functional 
period If these teeth were composed chiefly of enamel they would 
be too brittle These tusks whidi, ns in tlic case of the elephant, 
sometimes reacli a weiglit of manv liundreds of pounds, arc usually 
deeply embedded in the bone and the concealeil portion is cov cred 
with a layer of cementum vvhich attacJics the fibers Jiolding tliem 
to the bone but they retain a conical pulp in a cone-shaperl pulp 
cliamber at the base of the tooth, wliicJi continues to form dentin 
The tootli is pushed out of the socket ns the shaft of tlie hair is 
pusJied out hv tJic multiplication of cells covering tlie bulb In 
this way tlie size of tlie tootli is maintained as the exposed and 
functional part is worn off Strength and elasticity arc required, 
therefore the dentin is developed "Ihc cementum whicJi is formed 
on the embedded portion for allaclimcnt of fibers is worn off as 
soon as it is exposed to friction 

Chisel Teeth — ^The incisors of tlie rodents, as rats, mice, squirrels, 
and beivers present an interesting modification for a special 
function These teeth arc used as chisels for cutting hard sub- 
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stances, as wood, shells of nuts, etc. Here strength and hardness 
are required. The dentin is increased by the continual function 
of a conical persistent pulp which continues to form dentin, and 
the enamel organ is carried down into the socket, to the base of 
the dental papilla, on the labial, instead of stopping at the gingival 
line, as in the human incisors. In this position it continues to build 
enamel on the labial side of the dentin. The enamel rods, instead 
of being straight, are twisted about each other in a complicated 
fashion, giving the maximum of hardness. As the incisors work 
against each other by the movements of the jaw, the dentin is 
worn off on the lingual side and the enamel kept in the form'of a 
chisel edge. There is also a modification of the temporomandibular 
articulation, allowing the lower jaw to move forward and back as 
well as up and down, but not laterally, so that the lower incisors 
can be closed either lingually or labially to tlie upper, and in this 
way both the upper and the lower incisors are made to sharpen 
each other in use. In this case there is need for both strength 
and hardness, and both dentin and enamel are continuously being 
formed at the base of the tooth embedded in the socket, and the 
cementum is formed over the embedded portions as the medium 
of attachment. 

Grinding Teeth. — In a grinding tooth, as in the molar of the 
horse and cow, and in a much more complicated form in the elephant, 
the three tissues — enamel, cementum, and dentin — are arranged 
so as to form, by the different rapidity of abrasion, corrugated 
grinding surfaces like millstones The conditions can be under- 
stood if it is remembered that the cusps in the dentin are very 
high, and are covered by a comparatively thin layer of enamel. 
After the enamel is formed, and while the tooth is embedded in its 
crypt in the bone, cementum is formed, covering the surface and 
filling up the hollows between the cusps, so that the cronm when 
it first erupts is rounded, with enamel showing only at the tips of 
the cusps. As soon as the tooth wears, the tip of the enamel is 
worn through, so that tlie circumference of the crown shows first 
cementum, then enamel, then dentin, then enamel, then cementum, 
then enamel, and so on. The foldings of the enamel often become 
very complicated, but the most complicated forms can be under- 
stood hi this way. 

Descriptive Terms.— In describing the structure of the teeth and 
the arrangement of tlie structural elements of the tissues, direc- 
tions are described with reference to three planes. The mesio- 

V 
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(listo axml plane pissing tlirougli tjic center of tlic cromi from 
mesn\ to distil and pirnllel tsiUi tlie long avis of tlic tooth 
The bucco Imguo-ixial plane a plane pissing through the 
center of the cro^n from buccil to fingitil and pnrnllcl t\ith tlie 
long axis of the tootli 

Tlie horizontal plane at right angles to the axial planes 



CHAPTER III. 


THE ENAMEL. 

Enamel may be defined as the bard, glistening tissue covering 
the crowns of the teeth in man and most mammals. It is the 
hardest animal substance and contains less organic matter than any 
other tissue of the body 

Histogenesis — ^The enamel is formed by the epithelial cells of the 
inner tunic of the enamel organ. After the tissue is formed the cells 
which produced it are destroyed and the tissue is left as a formed 
material covering the dentin. 

Structural Elements. — ^The enamel is composed of two structural 
elements (1) The enamel rods, or prisms (2) A calcified sub- 
stance which unites the rods into a continuous structure called the 
cementing, or interprismatic substance 

The enamel differs from all other calcified tissues; 

1 In origin. 

2 In degree of calcification 

3 In relation to its formative organ. 

4 In the form of the structural elements of the tissue 

It is well to emphasize these points of difference, for throughout 
dental and medical writing, reasoning by analogy from bone con- 
ditions to tooth conditions, and especially to changes in the enamel, 
is often found For instance, the argument has been made that 
because there may be changes in the bones in pregnancy, “ softening” 
of the teeth would be expected. Many similar, though less crude, 
arguments would not be made if it w^ere remembered that histo- 
logically, histogenetically, physiologically, and morphologically the 
enamel stands alone 

Ongin. — ^The enamel is the only calcified tissue derived from the 
epithelium All other calcified tissues are connective tissues. 
Histogenetically, then, the enamel is ultimately derived from the 
epiblastic germ layer, wLile all other calcified tissues arise from the 
mesoblast Thus, even at the first step in the differentiation of the 
cells, enamel is different and independent from bone, cementum, 
or dentin. It is natural, therefore, to find the enamel differing 
from bone in every other respect On the other hand, the relation 
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small pieces and dried for some time at a temperature above the 
boiling-point of Avater, to drive off all the moisture. The dry 
enamel was weighed and then ignited, and the loss in weight taken 
as the amount of organic matter In 1896 Mr, Charles Tomes,^ 
of London, published the results of his chemical analysis of enamel 
in whicli he showed that a large part of the loss of weight in ignition 
was due to the loss of water. He earned out ignition in tubes to 
collect the products of combustion, and found that between red 
and white heat from 2 to 3 per cent of water was given off. This 
occurred suddenly and with almost explosive violence, blowing 
large pieces to fragments. While this did not account entirely 
for all of the matter previously considered organic, the character 
of the product of combustion and the observation of the material 
during ignition led him to conclude that the remaining portion 
was due to the dentin adhering to the enamel, and that the enamel 
contained not more than a trace of organic matter 

Dr Leon Williams attacked the problem from the microscopic 
and microchemical side, and was forced to the conclusion that 
normal enamel contains no organic matter. No trace of organic 
matter can be found m sections of enamel by staining. And if 
the enamel is dissolved by acid and the progress observed, not a 
trace of organic matrix can be found The conclusion is therefore 
imperative that enamel is composed entirely of inorganic matter, 
which has been deposited and calcified in the form of the tissue by 
the formative cells In other words, enamel is formed material 
produced by cells and laid down in a definite structure, but it con- 
tains no organic matrix, while all other calcified tissues are composed 
of an organic matrix of ultimate fibrous and gelatin-yielding char- 
acter, in which inorganic salts are deposited in a weak chemical 
combination, and living cells are retained in spaces of the formed 
material 

If bone or dentin is subjected to the action of acid, the com- 
bination between the organic and inorganic matter is broken up 
and the inorganic matter dissolved, leaving the organic portion, 
AAhich yields gelatin when boiled in Avater, in tlie form of the original 
tissue If enamel is treated with acid the cementing substance 
betAvecn tlic rods is first attacked and is dissolved more rapidly, 
then the rods are attacked from their sides, and finallv the tissue 
is entirely dcstroicd, leaving no trace of structure Apparently 
the greater the dilution of the acid the greater will be the extent 
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CHAPTER IV. 


THE STRUCTURAL ELEI\'IENTS OF THE ENAjSIEL. 

The enamel is composed of two structural elements; 

1. The enamel rods or prisms, sometimes called enamel fibers. 

2 The interprismatic, or cementing substance. 

Enamel Rods —The enamel rods are long, slender, prismatic 
rods irregularly five or six-sided^ and alternately expanded and con- 
stricted throughout their length (Plate III and Fig. 9). They are 
from three and four-tenths to four and five-tenths microns in diam- 
eter, and many of them extend from the dento-enamel junction to 
the surface of the enamel. They are of the same diameter at their 
outer and tuner ends. This last statement is emphasized, as the 
direct opposite is stated in some standard text-books of histology. 
In the formation of the tissue they are arranged so that the expan- 
sions in adjoining rods come opposite to each other, and do not 

‘ Tins statement of the shape of the enamel prisms must be taken as a Bcneral 
statement, just as columnar epithelial cells are descnlicd as fi\ o-sided in cross-section 
In the enamel prism, as m the epithelial cell, the form is the result of mutual pressure, 
the outlines are ncior reimlar, and uneaenness in the distribution of the pressure, or 
I.iek of bal.ince in direction Mill modifj the form of the prisms For further study 
of the form and rol ition of the enamel rods the student is referred to The Microscojiic 
An itoiiu of the Teeth, by J IIoMard Muinmexy, Chapter II, 


DESCRIPTION OF PL.VTE III. 

DnuMiiKS from teamed preparations of enamel from elephant, except Figs 5, 6, 7 and 

S, Mhich arc from sections 

1 lo 1 — Doiiblc-grooicd prisms (elephant) r, ndges, o, grooics The ndges arc 
often Micii projecting liesond the extremities of fragments 

1 K. 2 — f-mele-grooxed jinsms j^clophaiit). r. ndge, p, prooics 
I'll, t — 'I\Mj di)ut)Ie-gro()i ed jinsms, tr.msiorse alioxo (elephant) 

Fk, •! — 1 r.iginents nf jrisms in transxcrse fracture (clejih.int). 

In. r. ■— Four jinsnis from a soctiou (elephant), sliowing surface marking and 
jirominciKe of the ridge at r 

In, t)--Irom ekpbiiit bridici in tr.msicrsc section The interjirism itic sul>- 
•-1 nice ajiiK >red dirk and the bridges are xerj conspituoii’. as vliite lines 
1 n. " — I lepii lilt From a ‘■ection, «!boMmg a wing jiroco^s in the enamel 
1 11 . S -1 1( Jib lilt From a section, showing ridgc" and grooio'- r, ndges, p, 

griKiM "" 

1 n. " - 1 wo iin-iits from elejihaiit, "-howing needlo--i>httiiig (n) and mtorcohimnar 
blnh'i iio 

I n. 10 — I r lement of dejib int enamel in traipwcTKe M'ction Two cnliro double 
roncue |>ri ne are '■.•eii imijii ting, with feather ed,;es ind mtcrcolumuar bndpcs (6). 
Ill, II — 1 nrnieiits of fin-'ni'' seen obhuuelj (elephant) 
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Differences between Enamel Rods and Cementing Substance. 
While the cementing substance and the substance of the rods are 
both entirely inorganic, or, more correctly, are composed entirely 
of inorganic salts, they differ in physical and chemical properties 
as follows' 

1. The cementing substance is not as strong as the prismatic 
substance. 

2 The cementing substance is more readily soluble in dilute 
acids than the rod substance. 



Fig 10 — Enamel rods in thin etched section (About 800 X) 


3. The cementing substance is of slightly different (greater) 
refracting index tlian the substance of the rod. The author wishes 
to emphasize these statements, as the exact opposite is found in 
some of the standard texts, at least concerning the first and second 
statements. The facts are, however, so easily demonstrable that 
anyone may satisfy himself witliout difficulty. 

Relative Strength of the Enamel Rods and the Cementmg Substance. 
—The cementing substance is not as strong as tlie substance of 
the rods. The most striking cliaraeteristics of the enamel, and the 
first to attract the attention of the student and the operator, are its 
hardness and its tendency to split or cleave in certain directions. 
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(Fig. 13). The more dilute the acid the greater will be the distance 
to which the cementing substance is removed before the rods are 
destroyed 



Fig 12 — Enamel shovang direction of cleavage (About 70 X) 


Eichng — If a section of enamel is ground at right angles to the 
direction of the rods, mounted in glycerin and photographed, the 
outline of the rods will be seen with difficulty (Fig. 14) The refract- 
ing index of the two substances is so nearly the same that the section 
seems of almost uniform transparency. The thinner the section, 



Fig is — ^Thc effect of acid on a section of enamel. 


the £rrcatcr will be the difficulty of recognizing the rods Oblique 
illumination and the ii'C of a .siiiail diaiihragin will, howetcr, rc'-olve 
them. If the section is washed and treated with 2 per cent hydro- 
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chloric acid for a few seconds, washed and remounted in gljcerin 
the rods are distincth outlined (Ftg 15) The acid attacks the 
cementing substance ind the surface of the section is etched as if 
an engraving tool had been run around the rods The fine grooves 
on the surface refract the light and outline the rods The difference 
m appearance in longitudinal sections, that is, sections parallel with 
the direction of enamel rods, is quite as striking Tor the study 



Fig 14 — Eoancl grouad At ngbt snsles to the rods Kot treated with acid 
(About </00 X) 

of enamel rod directions this ctcliing is of the greatest importance 
OnI> one side of the section sJiouId be acted upon b> the acid and 
the section should be mounted etched side up If etched upon both 
surface the grooves in the lower surface cannot be in focus at the 
same time ns those of the upper surface and will blur the definition 
The difference in the solubility of the rods and cementing sub 
stance is beautifullv illustrated in the effect of canes on the structure 
of the enamel and canes of tlie enamel cannot be understood unless 
these fundamental facts are remembered The question, ' ^Vhat 
causes the difference in solubility between the enamel rods and 
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tlie cementing substance?” cannot be satisfactorily answered at 
the present time. While both the rods and the cementing substance 
are normally composed entirely of inorganic salts, there may be 
different salts in the two substances, or the salts may be in different 
physical condition There is great need for careful work in this 
field Recent work has strongly emphasized the distinctness of 
the two structural elements of the enamel. 



I'll. 1 j — Tilt ^ imc s-cction ns I ir 11 after treatment \Mth acid (About oOO X) 

I'irst, the stufly of the beginnings of caries of the enamel, and 
flic cHoct of caries upon tlic structure of the enamel, lirought out 
the diirercncc in solubility in acitls ant) .showed the e.vtent of tissue 
injury before a ca\ ity is formed. Later, the study of hypoplasia 
developHl the f.ut that certain pathologic or abnormal conditions 
nun hinder or entireh jirevent the formation of the rods wiiile the 
eemenfmi: ‘-uh->tanee i*. formed, and still more rccentli the investi- 
gation of dy-iroiihies of the enamel occurring in certain jirescnbed 
loe.ditiev, sliowcfl jierfeet rod formation and entire absence of the 
cementing suintauec The'=c facts suggest the hypothecs that the 
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Manc iad for i feiv seconds unshed, and remoiinted in rijccnn 
the rods arc distmcllj outlined (Fig 15 ) The acid attacks the 
cementing substini-e and the surface of the section is etched ns if 
an engrai mg tool had been run around the rods The fine grouses 
on the surface reirset the light and outline the rods The difference 
in appeiMnce in longitudinal sections that is sections parallel with 
the direction of enimel rods 13 quite as striking For the studj 



Fio 14 — Lnatncl ground ot ngbt bdcIm to tbe rods ^ot treated with acid 
(About vOO X) 

of enamel rod directions this etching js of tfte safest wnporfance 
Onl\ one side of tJie section slioiifd be acted upon b,> the acid and 
the section should be mounted ctclicd «!ide up If etched upon both 
surfaces the groo%cs m the loner surface cannot be in focus at the 
same time as thosi. of the upj)er surface and oil! blur the dehnition 
The diderence in the Milubi]it\ of tlie rods and cementing sub- 
stance IS beautifully iJIustrited lO tJie effect of caries on the structure 
of the enamel and canes of the inanid cannot be understood unless 
tliese fundamental facts are remembered 1111. question 
causes the difference in solubility betneen the enamel rods and 
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the cementing substance?” cannot be satisfactorily answered at 
the present time While both the rods and the cementing substance 
are normally composed entirely of inorganic salts, there may be 
different salts in the two substances, or the salts may be in dilTerent 
physical condition There is great need for careful W’ork in this 
field. Recent work has strongly emphasized the distinctness of 
the two structural elements of the enamel. 



First, the study of the beginnings of caries of the enamel, and 
the effect of caries upon the structure of the enamel, brought out 
the difference in solubility in acids and showed the extent of tissue 
injiiry before a cavity is formed Later, the study of hj^poplasia 
developed the fact that certain pathologic or abnormal conditions 
may hinder or entirely prevent the formation of the rods wdiile the 
cementing substance is formed, and still more recently the investi- 
gation of dystrophies of the enamel occurring in certain prescribed 
localities, showed perfect rod formation and entire absence of the 
cementing substance These facts suggest the hypothesis that the 
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enamel rods and the cementing substance have a different origin, 
or arc fonned different cells and that pathological conditions 
ma> prev ent the formation of one and not the other In v lew of 
these factors it js verj neccssarj tint a new investigation of the 
process of enamel formation be undertaken as present knowledge 
of the process does not explain such conditions 

Difference in Refracting Index between the Rods and the Ceznentiog 
Substance — ^TJie cementing substance is of shghtlj greater refract 
mg index tlian the substance of the rods If it were not for this it 
would be impossible to see tlie rods m unetched sections, either 
longitudinal or transverse The appearance of striation ‘seen in 
longitudinal sections is also dependent upon this difference m action 
on transmitted light 

THE EFTECT OF CARIES ON THE STROCTtTRE OF THE ENAMEL 

At this point the effect of caries on flic structure of the enamel 
should be studied as a demonstration of the difference m solubility 
between the enamel rods and the interpnsmatic substance 

During the last ten jears of his life the work of the late Dr G V 
Illack was largely devoted to thestud> of the beginning o cirios of 
the enamel ond the extent of tissue injiirj before an actual cav ity s 
produced This has placed a tremendous emphasis upon the v aluc for 
the preserv ation of the teeth, of the treatment of canes m its caiJ> 
rather than m its later stages It is safetosa> that if canes progresses 
until a patient is aware of a cavitj, the tooth has been injured more 
than 19 necessarj m the most radical treatment of the same cav itj 
in its beginning stages One who has not studied carefully the 
effect of canes on the structure of tJie enamel so as to recognize 
the extent of injurv to tlie structure of the tissue its appearance 
to the naked eje can never be considered fit to prepare cavities 
as a treatment for tlie disease The beginnings of canes must be 
divided into two classes (I) Those occurring in natural defects 
of structure, (2) those beginning upon smooth surfaces 

Canes Beginning in Natural Defects of Straciuie — Tliese are the 
positions m which caries first appears and m which it presents the 
greatest mten^itv because the> offer ideal conditions Such open 
grooves and imperfectly closed pits m the enamel as are illus 
trated in Chapter IX become filled witli food debris, which 
furnish ideal culture media for aad forming bacteria At the 
opening of the defect the acid is washed away by the saliva as fast 
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as it is formed, but at the bottom of the groove it is confined and 
acts upon the enamel, dissolving out the cementing substance 
from between the rods and following the rod direction toward the 
dento-enamel junction The form of the disintegrated tissue in 
such positions is always that of a cone or wedge, with the apex 
at the opening of the pit or groove and the base toward the dento- 
enamel junction The formation of acid in these positions is often 
so rapid and the confinement so perfect that the carious process 
here manifests its greatest intensity, the action often dissolving 
the rods as well as the cementing substance and progressing across 
the rods But even when the action follows the rod direction, the 
form will be broader toward the dentin, as the rods are inclined 



Fig 16 — A split tooth, showing canes beginning in an occlusal groove 


toward the defect Tigs 16 and 17 show split teeth illustrating 
the disintegration of the enamel around occlusal defects The 
disintegration area appears white by reflected light because the 
cementing substance has been removed from between the rods and 
the resulting air spaces refract the light As soon as this disinte- 
gration reaches the dento-enamel junction, the acid formed passes 
through the now porous enamel and acts much more rapidly upon 
the dentin Because of the branching of the dentinal tubules at 
the dento-enamel junction, the action upon the dentin spreads 
rapidly along this line. Soon some of the loosened rods between 
the bottom of the defect and the dentin are either entirely dissolved 
or displaced or dislodged, and the microorganisms are admitted 
to the dentin. The decalcified dentin matrnx becomes food material 
4 
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preventing its dissipation m the silna and nllovung it to combine 
with the inorganic salts of the tissue elements Tins is not the 
place to consider the bactenologj of caries but tJic elTcct upon 
the structure of the enamel cannot be understood without a clear 
conception of the microhic plaques A growth of masses of micro- 
organisms upon the surface of a tooth does not constitute a plaque 
Man} very filth} mouths ore found where most of the surfaces of 
the teeth are covered by thick furr} masses, and where there is 
little or no attack of the enamel Either acid is not formed or it 
IS nt once lost b} solution in the saliva Canes shows the greatest 
intensitj in comparatn cly clean mouths, in which something in 
the nature of the saliva causes the bacteria to produce a tough 
zooglea, which attaches them to the lootli surface and confines 
tlie products of thtir activjtv Tins zooglea presents some of the 
phenomena of a dnbzmg membrane Through it the micro- 
organisms receive their food materials and their products are 
neutralized b} cJiemical action on the surf ice upon which the 
colon} is growing Colonies lo<Ige in the most favorable spots 
and extend from these points into areas that are less liable to main 
tain their attachment The more perfect the confinement of the 
acid and the more rapid the rate of its formation the greater will 
be tJie mtensit} of the destructive process The more easilj the 
colonv IS able to maintain itself in its position and extend upon 
the surface the greater is the liabilit} As the colon} becomes 
thickest at the point of Ik ginning it is evident that the most acid 
IS formed here and it is therefore the point of greatest mtensitv 
It IS also the point at whicli the growth began and therefore 
the spot where the action on the tissue has been longest in opera 
tion It IS also apparent that there ma\ be great mtensit} with 
limited habilit} and great habilitv with verv low mtensitv, and 
the effect upon the tissue will be different m the two cases 
Tlie appearance of the tissue becomes an index for estimating 
the mtensit} and liibihtv m a given case The character of the 
effect of the disease on the appearance of the enamel ns well as the 
direction of the extension upon the surface of the tooth become 
most important fictors in the diagnosis of anv case and the diag 
nosis IS the basis for the treatment required The increased appre- 
ciation of the cstent of disintegration of the enimel before an 
actual cavit} is apparent in a tootli has been one of the most 
important results of Dr Blacks stud} of canes of the enamel 
The author has been mtimatelv associated with this w ork, and has 
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been amazed at the extent and character of the effect of caries 
upon the structure of the enamel in what may he called the early 
stages of the disease. 

Progress of Caries. — A colony of bacteria becomes attached 
to the proximal surface of an incisor just to the gingival of the 
contract point, and remains there some time If the surface of 
the tooth can then be examined, a white spot will be seen at Fig. 
21, the area appears white because the cementing substance has 
been removed from between the enamel rods, as will be seen later, 
and the air tliat occupies the spaces diffuses the light If a tooth 
is split through such a spot and viewed from the surface, the appear- 
ance will be as shown in Fig. 20. If a section were ground through 
the spot and the tissue preserved, the ends of the enamel rods 

Fig 20 Fig 21 


Fig 20 — A split tooth cut through 
such a white spot as is show'n in Fig 
21 . 


Fig 21 — -A superior central incisor, 
showing a w’hite spot just to the gingival 
of the contact point 



would be seen pointed and projecting like the pickets of a fence, 
giving the same appearance as that produced by the action of 
acid upon a ground section, as illustrated in Fig 15 

The surface of the enamel is therefore no longer smooth, but 
roughened The roughness may often be felt by passing a very 
fine-pointed steel explorer over the surface If the colony be 
dislodged at this stage it is evident that it is much easier for a new 
one to become attached These whitened areas are often invisible 
unless the tissue is dried, because the saliva fills the spaces If the 
surface is dried the refraction of tlie light by the air whitens the 
affected area 

A good comparison is furnished in a very familiar phenomenon. 
Snow IS white because the air and the microscopic ice crystals 
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are of different refracting index and the light is diffused bj passing 
from air and ice crystals If i snonball is saturated with water 
it loses its whiteness and becomes translucent because the water 
which IS nearlj of the same refracting index ns ice fills the spaces 
between the ice crystals and the light is not diffused If the white 
area of such a tooth la split through the center w ith an aluminum 
disk charged with emerj powder, the enamel rods will be found 



riG — A Ihin Motion of carious enamel erouod on the co\cr glass with balsam 
E sound enamel X carious enamel in wlucti the cementing substance had been 
dissolved from between the rods 


entirely separated bj the solution of tlie cementing substance, 
and the cross striation will be much more nppirent because the 
uneaennesb in the diameter of the rods has been increased bj the 
action of the acid 

Tormerh it was impossible to grind a section through such a 
spot and preseiae the tissue Until methods were devised bj Dr 
Black it was impossible to preserve the tissue and examine its 
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condition. These methods demonstrate definitely that in the dis- 
integrated area the cementing substance is dissolved in large areas 
before any of the rods are dissolved or destroyed. The first sections 
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Fig 23 Carious enamel ground on the cover-glass by the shellac method In 
the region X the cementing substance dissolved from between the rods has been 
replaced by shellac 


of such areas were obtained by polishing the surfaces and cementing 
the split tooth to the cover-glass with balsam, completing the grind- 
ing and mounting without loosening the section. In this way the 







are of difTerent rcfncting index, and the light diffused b% pissing 
from air and ice cnslals If i snowball is saturated i\ith water 
it loses Its whiteness and becomes tranducent because the water, 
whidi 13 noarh of the same refracting index as ice fills the spaces 
betw cen the ice cn stals and the light is not eliffiiscd If the w lute 
area of such a tooth is ^plit through tlic center witli an nluininum 
dish chargcel with einerj powder the enamel rods will be found 



1 1 — V tl m ••'ftion nf ranoui rn-ic rl cround on the ru\ cr wiUi l<al \m 

F 1 rnAtncI \ ran>u.4 (cuirrvl m wh b tie tetneoUnc sulnl-tnni ba<l beea 
(liMjvrri from Itelxwn lie rwlj 


entireK vp3^ttt^l bt tlic Mjliifion <»f the cetnciitinf, sul«tnnce 
ainl the efi>'S triatiou will be much more apparent lK.cau^ the 
un*\<iiiu-*' in till diameter of the rods has liecn incTca'icil h> the 
actiui) of the an 1 

lomxrlv It was impf»' ililc to grind a section through such a 
jxat an<l pri~<T\i the li ue Lntil methods were elc\i*^l bv Dr 
Ubek It was imj'o ib!e to prv'enc the tissue and examine its 
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condition. These methods demonstrate definitely that in the dis- 
integrated area the cementing substance is dissoh ed in large areas 
before any of the rods are dissolved or destroyed. The first sections 
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Tig 23 — Canou=! enamel ground on the cover-glass by the shellac method In 
the region X llic cementing substance dissolved from between the rods has been 
replaced by shellac 


of such areas were obtained by polisliing the surfaces and cementing 
the split tooth to the cover-glass mth balsam, completing the grind- 
ing and mounting wthout loosening tlie section. In this way the 




5G r//z; smi/cTURAL fleme^ts of rnr enamel 

sp-ices bettt cen the rods « ere filled -n ith balsam and so were Jield m 
pince 22sho^^saphotoRraphofa&cctlonmademtll1s^^a\ and 
the sp ices between tiic rods niwl the distinct cross striation are seen 
Later it was found that ba dehsdrating and immersing in a solu 
tion of lirowTi shellac, the shellac could be made to take the place 
of the lost cementing substance, tlicn the polished surface of the 
sawed-out section could be fastened to the co\er glass with shellac, 
ami the specimen handled more ensih Tig 23 shows a photo- 
graph of carious enarntl m ide in this waj The rods are prescried 
m pi ice ami the dark shellac marks the disintegrated area \erj 
clcarh 

Stages in the Progress of Canes — Tlie progress of canes on smooth 
surfaces of the enamel ina\ be duided into three period-* according 
to its effect upon the structure of the tissue 

1 Prom the lodgement of the colon\ until the action reaches 
the dento enamel junction 

2 Prom the reaching of the dento-enamel junction until the 
rods begin to fall out 

3 After n ca\ it^ IS produced 

First Period — The form of the disintegrated tissue m the first 
period IS nlwass that of an irregular cont Its base is on the sur 
face of the enamel its outline is the lioundarj of the colons and 
the apex is toward the dentm in the direction of the enamel rods 
from the starting point of tlic colonj The inner boundarj of the 
area is ncser e%en but shows flame-like cxtcnsiom toward the 
dentin in the direction of the rods Tins is more marked m some 
cases than in others, and sometimes suggests that the presence of 
a colon} on the surface has been intermittent (Plates IV, V, VI) 

Tlie boundarj between tJie perfect and the disintegrated area 
IS usually marked hy a darker area, the significance of which is 
not now understood If the disease progresses continuously the 
affected tissue alwa\s appears white In reflected light but if the 
progress Ins been inti.TmiUt.nt espccnlU if there, have been con 
sulerable periods in which no colont 1ms been attached to the sur 
face the area darkens becoming brownish or almost black Tins 
is produced bt organic materials filling the space between the 
enamel rods and decomposing witji the probable formation of “suI 
phides of dark color m the spaces If immumtt to canes is attained 
before the effect upon the tissue has penetrated to tlie dento-enamel 
junction this will occur and the spot changes from a white to a 
browTiish or black color Siidi spots will be found m some places 



PLATE IV 






50 THF *iTl LCTl h\L fLF\rE\TS OF TIIF E\ tUfL 

«piCT5 l)tt^ocn tlic rods wcrcfinotl with hihim nnd so wen held in 
plici Hk --“ hows'! phntopriph of a section m-nlc in this ^ 1 % md 
the ‘•inees l>etwitn the rodanud tliedi tinct croa. stnition nre s^cn 
Littr It wns found tint 1)\ dclnilntiti^ and imincr'ing m n solu 
tinn of lirown shelinc the sJielhc could lie made to take the place 
of the lo t cementing suhstance then the polidinl surface of tJie 
siwctl-out section could be fastened to the co\er glass with shellac 
and the sjicciincn handled more easily I-ig 23 shows a photo- 
graph of canons enamel made in this wa\ The rods arc prescrac'd 
in plntt and the dirk shellac marks the dtsmttgratial area \cr\ 
clcarK 

Stages la the Progress of Canes — ^TIic progress of caries on smooth 
surfaces of the enamel ma\ Ik, dieidtd into three perioels according 
to Its I fTiKt upon the structure of the tissue 

1 J nmi the Iwlgcme/it of the colom until the action reaches 
the dcnto-eiiamcl junction 

2 I rom the rtichmg of the dcntoKinamcl junction until the 
rods hcgin to fill out 

1 \ftcrnca\it' is proetuceel 

First Period— 'The form of the disintegratcel tis-iie in the first 
I>oriod Is u!wn\3 tliat of an irregular cone Its ba«c is on the sur 
face of tlic ctiatiicl its outline is the iMmndire of the coloin, nnd 
the njHX is fownnl the dentin m tlu direction of the enamel ro<!s 
from tlic starting jioint of the coIon\ The inner bounilnn of the 
arc I Is nc\ir t\tii but shows flamc-hke extensions toward the 
diritju in the ehrection of the rotJ Hus is more markol in •'Omc 
eases than in others and 'ometimes suggests that the pres.ncc of 
a ciiloin on the «urfnec has Ikcu intermittent (Plates I\ \ M) 

The iKHinilari lietwecii the iKrfect nnd the disintegmteil area 
IS u uillv inarkeHl ha a darker area the <ignifiranet of which is 
not now uiidtr tcKxl If the di eav progresses continiioiish the 
afTcitisl ti lit n!nn%i> npinar* white h\ relhetcd li,sht Init if the 
I*nigrtss has Ixan interniittint c jMenllv if there lu\e Ikkh con 
iihrablt jKriods in whuh no cf>lon\ has Ihcu attacheil to the sur 
fan tlu an i darkens iKtsimin^ hnoeiii h or almost black Plus 
IS prodiins) be organic inafenals filiing the sjnes Ik tween the 
iiMiiul rods nnd de<sim|Ki ing with the pnibiblt fortnation of “ul 
p!ii>h-s < f <1 irk eolor in tlie «paecs If iniinunitv to earie*s is attaiiieil 
iiefon th< effect ufion the ti iie lias jKnetratcal to the dentfKnamil 
jutution this will ocetir and the jxit thanges from a white to a 
bnmni h or Mark ee>lor ‘‘ucJi p«»ts will l»c found in some places 



PLATE IV 


t 



A Section through n Carious Spot in the First Period 

‘i.ioN 111(1 f" loiT-ion of ihf nUK k on iho vnrfnce townrd tlie flinfliv ' 





PLATE V 
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on most teeth extracted from immune persons. Work of Dr. Miller 
has indicated that such spots are more resistant to the progress 



Fig 24 -a section through a ^hite spot m the first period of attack 
grated enamel, sound enamel, D, dentin. 


X, disinte- 
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of nnes tJian perfect enamel ^urficcs \t ftn^ time dunng the 
fir^t jicnotl thertfore tlic de&tniction l)cnrrtstc<l b\ tJiecom 
of >rnmuhit\, nhicfi prtXTnts the nttachment of coloiues to 
the tooth suffice h\ the formntion of pIiQuc^ 



fio '•S — V »rr«Ki£i tliT»u*b * »i jt Jfl frsl Tlie atUfk fea» 

•{fi nil/ (r^n 1.U* ac i lairra id'ot T dti >>t<coilr<I riiiuii«I E loijo i en»n>rt 
L> (.<‘nU2L 


Venod — Tlui p*not! extends from the time when the 
action « f the aci<l reiche< the dtnto-emmel junction until the 
nxfs arc ih~trtiMxl or fall out As ^oon as the solution of the 
ectncntins ub'lance rraches tlie <Ient<>>enamtl junctioti at the 
point of the aijtancing ctinr the solution of the inorfrimc Mfts 
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from the dentin matrix begins It must 
the acid is formed by the microorganisms 


be remembered that 
on the surface of the 



jTjf- oQ \ section tlirouRli a canons spot m the first penod, showing the flame- 

hkc projections toward the dentin X, disintegrated enamel, E, sound enamel, 
D, dentin. 
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enamel and filters through tlie spaces between the enamel rods 
The decalcification of the dentin maj be considerable while the 
surface of the enamel is still preserved In this period the swelling 
of the surface is alwavs noticeable This results m increasing the 
area of the contact and therefore allowing the colonv to extend 
Its limits increasing the extent of the surface attack This is 
cspecialh noticeable toward the gingival, and is shown in Plate IV, 
whicli IS, however showm in the first period of canes In the 
ilismtcgrated area in this stage ns well as in tlie first stage the 
diameter of the enamel rods is alwajs considerably reduced and the 
striation rendered more apparent In canes of great intensity 



Fia 2 —A tooth tpUl through s spot Fto 23 — A tooth split through 

showing great loteusitj' but low ha* spots showing low mteoaity but 
bihty great liability 


but low liability the reduction m the diameter of the enamel rods 
13 rapid and they are soon destroved, while the area of the surface 
attacked is small (Fig 27) 

In canes of low intensity but great liability the diameter of the 
itxK IS dowlv reduced, while the area of surface attacked and 
con«cqucnt!\ the area of disintegration is large (Fig 28) These 
conditions should be studied in the macroscopic appearance of 
canes at the chair 

Flic ilccalcificd dentin matrix shnnks and more or less of a 
space 13 fonnetl under the enamel 
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The action of the acid follows the tubules of the dentin toward 
the pulp, and spreads through their branches laterally near the 
dento-enamel junction so that the form of the disintegrated dentin 
is always that of a cone, with the base at the dento-enamel junction 
and the apex toward the pulp chamber. It is important, however, 
to remember that in this stage no microorganisms have entered 
the tissue, and the effect upon it is the result of the action of sub- 
stances formed upon the surface The extent of enamel disintegra- 
tion and decalcification of dentin, in tliis stage, is much greater 
than anyone supposed before such specimens as the present illus- 
trations were made. 



Fig 29 — A drawng shelving the microorganisms of canes growing through the 
dentmal tubules (G V. Black ) 

Third Period —This embraces the period after the enamel rods 
have begun to fall out and an actual catdtj’ is apparent. As soon 
as this occurs the surface of tlie tooth at the point where the forma- 
tion of the colony began is destroyed and tlie protected point is 
lost, and the extension of surface attack ceases The microorgan- 
isms are admitted to the dentin, where they grow through the 
dentinal tubules, spreading rapidly at the dento-enamel junction 
(Fig 29). The dentin is always decalcified in advance of the 
penetration of the microorganisms The acid formed within the 
cavity attacks the cementing substance between the enamel rods. 
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CHARACTERISTICS OF THE ENAMEE TISSUE 


Straight Enamel — Upon the axial surfaces of the teeth tlie rods 
are usu^ll^ straight and parallel with each other, and most of 
split extend from the dentin to tlie surface Such enamel will 
spilt or clea\e m the direction of tlie rods with comparative ease 
and breaks down verv readily when the dentin is removed from 
under it It will usuallj cleave through 
its entire thickness and break awaj from 
sound dentm when propedj attacked 
with sharp hand instruments Such 
enamel is called straight enamel, as 
contrasUd with gnarled enamel It is 
best illustmted b} cutting sections 
hbiolingiiall> tlirougli the incisors 
though tlicrc is considerable variation 
in different teeth (Dgs 12 and 31) 
Gnarled Enamel — Upon tlie occlusal 
surfaces of the molars and bicuspids, 
and cspecialh over tlie tips of cusps 
and marginal ndges the ro<Is ore seldom 
straight and parallel through the thick- 
ness of the enamel but are wound and 
twisted about each other, especiallv in 
the deeper half toward the dento-einmel 
junction IJiis is known as gnarled 
enamel, and its ippcarancc is in marked 
contrast with straight enamel 
Toward the surface the rods are 
usually straigJit and parallel for a 
longer or shorter distance but as the 
dentixmrael junction is approached 
tljc^ become twasted This is true of 
most of the occlusal surhccs of molars 
and bicuspids but the gnarled condition 
extends fartlier toward the surface 
over the tips of the cusps, or the point 
at winch the rods were first completed 
m the growth of the crow n As cleav age la caused bj tlie difference 
m the strength of the rods and cementing substance itiscasv to sec 
that gnarletl enamel w ill not split or deavc easilv wlien resting upon 
sound dentin Tins is often encountered in extending occlusal 
cav ities The straight portion will split but where the rods begin to 
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twist they break off. leaving a portion resting on Ae dentin whlA 
S resist the attack of any cutting instrument from the surface 

(Figs. 32, 33, and 34) 



Fig 32 — Gnarled enamel. (About SO X) 


The Efiect of Structoe on the Cutting of Enamel,— The two kinds 
of enamel may be compared to straight-grained pine wood and a 


0 







60 CllAnACTBRISTICS OF THE ENAMEL TISSUE 

pme knot The first wiW split easily in the direction o! the fiber, 
the htter will split only in an iire^ar vvaj and with the greatest 
difficulty This difference 
m the arrangement of the 
structural elements leads to 
the difference m tlie feeling 
of vinous tcetJi to cutting 
instrumentb and is the 
basis for the clinical ex- 
perience of hard and soft 
teeth Jt is not a matter of 
degree of cilcifitation but 
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the irringement of the structural elements and gnarled enamel 
will break down as rapidlj under the effect of canes as will 
straight enamel 
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From a study of the positions in which the rods are usually 
twisted about each other, and those in which they are usually 
straight, It seems probable that the twisting is due to movements 
in the dental papilla and the enamel organ during the formation 
of the tissue These movements may be produced by variations 
in the blood-pressure which cause oscillations, or shaftings of the 
tissues on each other. These differences in the arrangement of 
the structural elements of the enamel must be constantly kept in 
mind, and will be referred to many times in connection with the 
use of cutting instruments on the enamel and the preparation of 
cavity walls 

APPEARANCES CHARACTERISTIC OF ENAMEL. 

Striation. — Striation is the appearance of fine light and dark 
markings occurring alternately m the length of the enamel rods. 
This is not unlike the striation of voluntary muscle fibers, and has 
a similar cause It is seen both in thin sections cut in the direction 
of the rods, and in isolated enamel rods It is caused by the alter- 
nate expansions and constrictions of the rods and the difference 
in the refracting index between the rods and the cementing sub- 
stance 

If isolated rods (Fig. 35) are observed with a J or iV objective, 
they will be seen to be marked by alternate light and dark areas 
across the rods; on changing the focus up and dovm, the light 
and dark areas will change places, just as in looking at a red blood 
corpuscle the center may appear dark and the rim light, or the 
center light and the rim dark, depending upon the exactness of 
.focus. This is caused by the refraction of the light as it passes 
through the convex and concave portions of the rod If the 
cementing substance were of exactly the same refracting index 
as the rods, when tlie rods were fastened together in the tissue 
there would be no appearance of striation, but as it is not, refrac- 
tion of light occurs in passing from rod substance to cementing 
substance, and the striation is apparent in sections There is con- 
siderable difference in the distinctness of striation in different 
sections of enamel This is probably due to the fact that the 
cementing substance has more nearly the same refracting index 
as the rods in some specimens When the formation of enamel 
has been studied it will be found that tlie enamel rods have been 
formed by globules winch are deposited one on top of the other 
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to form t/ie rods 'ind the cementing substance fills up the space 
The globules m the adjacent rods come opposite each other so 
tint there is alternatelv a greater and a less amount of cementing 
substance betneen the rods Eacli cro^is mark therefore repre 
sents a globule dcpositcfl m the formation of the rod and striation 
maj be said to bo a rcconl of the growth of the mdnidual rods 
(I Jgs 30 and 37) 

Imperfections m the cementing substance render the strntion 
more apparent bcciuse the\ increase Uie difference m refraction 



Fla 3o — Isohfid rnaraH rod* ( \bout 1000 X) 


between the two substances The action of acid either upon 
isolated rods or updh sections renders strntion more apparent 
bccau e it attacks, the cementing substance faster than the globules 
forming the ro<l» and therefore mere nes the refraction A on 
Btl>cr Ins claimed tint the appearance of strntion was caused 
b\ tlic action of acid on the section and tint even m mounting 
m balsam tlie acnlitv of the balsam affected the tissue It is true 
that anv action of acid increases tlic distinctness of the cross 
strntion but it is not the cause of it 

StratificaUon or the Bands of Betoos —If longitudinal sections 
of moderate tliickness arc observed with tlic low power brownish 
bands arc «een running through the enamel which suggests tlie 
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appearance of stratification in rocks. These were first described 
by Retzius and were named after him— the bro-^m bands or striae 
of Retzius. A better name would be incremental lines. 



Fig 36 — ^Enamel showing both stnation and stratification. (About 80 X) 
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rjie binds of Ketfius, or incrcmcntat Jaics, art ciusctl In actual 
coloring matter njiicli 13 dcpositnl witli the inorganic salts m the 



>11 3S of an iDCMor (AboutuOX) 


formation of tlie tissue Tlic^ ire therefore host seen with low 
powers and in sections that are not too tliin In sections tJmt are 
thinner thin the di imtter of 1 single rod or less than four microns, 
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appearangbs. characteristic of enamel 

they become almost invisible. For the study of the bands of Retzius 
sections should be ground labiohngually through the incisors, 
buccolingually through the bicuspids and molars, striking the 
center of the cusps. They may be studied also in mesiodistal 
sections, but the sections should be in such a direction as to be at 



Fig. 39 — Incisor tip showing stratification or incremental lines Rods at A were 
full 3 ’- lonned at the time the rods at B were beginning to form (About 50 X) 

right angles to the zones. Fig'-SS’shoirs the tip of an incisor in 
whicli the bands are very well marked They are seen to begin at 
the dento-enamel junction on tlie 'incisal edge, and sweep m larger 
and larger zones around this point Each band represents what 
was at one time the surface of tlie enamel already formed, and the 
line upon which formation was progressing Tlicy are therefore 
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truN mcrcincntn! linc^ TJie zones rc'icJi tlie surface of the cnatne! 
first nt tlie jwint o\cr the center of beginning calcification and 
Uie succociling Lands extend from tlie surface of the cinmcl near 
llie Dctluvil to the dcnto-enimel junction mticli fnrtlier apicalK 
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at B were just beginning to be formed at the dento-enamel junc- 
tion A layer of functioning ameloblasts occupied this position. 
The bands of Retzius are always curved and usually pass obliquely 
across the enamel rods, but are parallel neither with the dento- 
enamel junction or the surface of the enamel. As they pass toward 
the gingival the angle which they form with the axis of the tooth 
becomes greater Any disturbance of nutrition which affects the 
formation of enamel is always shown in the increased distinctness 
of the bands (Fig 40). 

The bands of Retzius therefore form a record of the formation 
of the tissue, and by their study the points of beginning calcifi- 



Fig 41 — Lines of Schreger (About 5 X) 


cation and the manner of the development of the tooth crown may 
be followed. Tins will be considered again in connection with the 
grooves, pits, and natural defects of enamel 
Lines of Schreger. — ^These are lines appearing m the enamel 
extending from the dento-enamel junction to or toward the sur- 
face. They are caused by the direction in which the enamel rods 
are cut. They may be seen m sections, but are best shoivn by 
photographmg the cut surface of the enamel by reflected light and 
with very low magnification The rods are twisting about each 
otlier, and in one streak they are cut longitudinally, in the next 
obliquely, and the alternations of these directions cause the appear- 
ance of the lines (Fig. 41). 
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Nasmyth's Membrane {The Pnamel CiiUcle )— Tlicrc Iii-a been a 
vast nnioiint of vmtinR nml fruitless speculation in regard to this 
structure riie facts which have led to all this sjicculation can he 
simplj stated If a fresWv extracted tooth, that has not been 
exposal to vear, is decalcified or trcote<I with dilute mtric acid 



(other acids ninv be used) a membnne can be floated from its 
surface which is found to be nude up of two lavers (1) A clear 
structureless kjer which was in contact wnth the surface of the 
enamel and hears the imprints of the ends of the enamel rods on its 
surface (2) An outer cellular laver made up of a Ja>er or lasers of 
epithelial cells Unfortunately the study of Nasmyth s membrane 
seems to liav c been made from extracted teeth and not from sections 
which retained the teeth and all of the supporting tissues in relation 
Two distinct explanations have been given to this structure 
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(1) Owen and Tomes considered it as not epithelial but a deposit 
of coronal cementum on the surface of the enamel before the erup- 
tion of the tooth as occurs m the teeth of ungulates (2) Huxley, 
Lent, Kolliker, Waldyer, Paul, Mummery and others have recog- 
nized its epithelial origin and described its structure in detail All 



Fia. 43 


have considered it as in some way related in origin to the enamel 
organ but as to the vay in which it is formed or the nature of the 
rclationdiip there is no agreement. _ 

In the opinion of the vHter, coronal cementum occurs on the 
enamel surface and in the grooves of the cro^^Tls of manv human 



7C, 


crrAnAcTFitr^Ttc^ of nir fnamfi tis<;uf 


tcetJi but lb in no mav related to tlie structure <Ic<»cnbcd as Nas- 
mjtlis Membnuc On t)ie other Jinnd while the structure is 
undoubtedly of cpitlichnl clnractcr, lie docs not believe that it is 
related to tlic enamel orf»an or the formative epithelium of the 
enamel m oripm 

On t/ie eruption of the tooth the epithelium of the pinpival fold 
at least on tlic deeper jwrtions is held firmly npauist the surface of 
the enamel b\ the pressure of the surroumluig tissues and the 
surface cells are quite firndv ndhiront to the surface of the enamel 
llie muUiphcation of epithelial cells ni the deep ixirtion of the 
pinpivnl fold cntiscs the epithelium to he pushed outward along the 
surface of the enamel and the later sejiarnted from the surface of 
the enamel bj the action of acid is this laser which lias been sepa 
rated from the epithelium lining the gingival spaca. In this con 
nection dccalcificil sections with all of the tissues in relation should 
be studied and attention is calkal to the comparison of the structure 
of the gingival fold of the tooth and the n ii) fold of the finger nail 

Jvflsmy tfi 3 membrane undoiibtciffy has some important relations 
to normal and pathologic conditions especially those bopnning 
in the gingival space 

Enamel Spindles ' — Esjiccialh m the ngion of the cuips and the 
points where enamel formation begins in the calcification of the 
tooth peculiar sp ndlohhe spaces arc seen extending from the dento^ 
enamel junction into tlic enamel These hav e often been dcbcribcdj 
anvl mudi has been wTittcn in reg ird to them but there is no agree' 
ment among investigators ns to their cause or sigmficnnce fhev 
are apparentlv spaces in the intcrprismatic bubstnnee and between 
the enamel rods They appear to communicate with dentinal 
tubules In some cases at least they appear to be filled with granii' 
lar material They are easilv demonstrated but not so easily 
explained 

‘ For further discus, ion of those etnictut«s tlio stu lent is rcfcrroii tn Microscopf« 
Anstomy of tho Teeth hx MniBinery p 78 rt scf 
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THE DIRECTION OF THE ENAAIEL RODS IN THE 
TOOTH CROWN. 

In describing the direction of the enamel rods and their arrange- 
ment in what may be called the architecture of the tooth crown, 
they are always considered as extending from the dento-enamel 
junction outward This is not only convenient, but logical, as 
they are formed in that way, beginning at the dento-enamel junc- 
tion and being completed at the surface Enamel is formed from 
within outward, the cells which produce it lying outside of the 
tissue already formed, and there are many things about the arrange- 
ment of the rods and their relation to each other that are understood 
only when tins is borne in mind 

The direction of the enamel rods is described by referring them 
to the horizontal and axial planes, \vhich have been previously 
defined (page 35). The centigrade scale, that is, the division of 
the circle into one hundred equal arcs, -is used because those familiar 
with instrument nomenclature are already familiar with these 
angles, and readily picture them.^ When a rod is said to be inclined 
12 centigrades occlusally from the horizontal plane, it means that 
if a plane at right angles to the long axis of the tooth is passed 
through the end of the rod at the dento-enamel junction, the rod 


'In the ccntiRnde diMsion the 
circle IS diMdcd into one hundred 
parts, cacli called a ccntiprade One 
contiprade is equal to 3 G dcfrrces of 
the astrononueal circle, 2o ccuti- 
pradcs to 00 decrees, 121 centigrades 
to 15 decrees The cut ci'os .a com- 
parison of the t^\o sj stems of measur- 
inc angle's 



( 77 ) 
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wj 15 lie to tlie occJusal of it and form an angle of 12 centigradea 
TMth it In tlie same waj, if a rod is said to be inclined 12 centi- 
grades buccall> from tlie mesiodistal plane, it means that if a plane 
parallel nith the axis of the tooth, and extending from mesio to 
distal, IS passed througli the end of a rod at the dento-enamel 
junction, the rod avil! he to the buccal of it, and form an angle of 
12 ccntigrades vith it Bj a little practice with these terms the 
direction of the enamel rods can he very casilj and clearlj pictured 
to the mind 

The General Bueetjon of Enamel Rods — ^The general direction of 
the enamel rods has been vanouslv described b> different authors, 
but all of tlicsc general statements are verj imperfect and often 
misleading Tor instance, the> are sometimes said to radiate from 
the center of the crown or the pulp chamber, but it will be seen 
that this does not apph to tlie rods which form the lingual slopes 
of the buccal cusps or the buccal slopes of the lingual cu^ps of 
bicuspids and molars 

Again, thc> have been said to be in general, perpendicular to 
the surface but it wall be found from the studj of sections that 
there ore verj few places upon the surface where this is true and 
that in manv pi ices they are far from perpendicular to the surface 
From a studj of sections it w ill be seen tliat the general arrange- 
ment of enamel rods, in the architecture of the tootJi crown is such 
os to give the greatest strength to the perfect tissue and to furnish 
the greatest resist \nce to abrasion m the u-e of the teeth for mas- 
tication In a buccolmguo) section through a bicuspid (Fig 44), 
beginning at tlie gingival line the enamel is normallv shghtlj over 
lapped b> the cementum, and in the gmgival tluixl tlie rods are 
mclmed more or less apicallj from the horizontal plane The 
degree of inclination varies considerablj It maj be as much 
as 12 centigrades but is usuollv not more than C In general, 
the more convex the surface the greater will be the inclination 
At some point between the junction of the gingival and middle 
tlnrds and the middle of the middle third of the surface thej- are 
m the horizontal plane and at nght angles to the axis of the tooth 
and at this point thej arc usually very nearly perpendicular to 
the surfact Passing ocdusally from this point, they incline more 
and more occlusally until m the oadusal third thej reach an inclina 
tion of 18 to 20 centigrades ocdusallv from the horizontal 

The rods which form the tip of the buccal cusps do not reach 
the tip of the dentm cusp, but the buccal slope of the dentin Tins 
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Fig 



44 — Diagram of enamel rod directions, from a photograph of a buccohngual 
section of an upper bicuspid 


Fig 



45 —Diagram of enamel rod directions, drawn from a mesiodistal section of a 

bicuspid. 
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becomes important, as uiH be seen later Over the tip of the 
dentm cxibp the rods are in the a,w\ plane hut in this position the\ 
are usually %er> much twisted Passing down the lingual slope 
thev become more and more inclined hnguallv from the mesio* 



Fia I6 — Dwturbance of enamel rod directions oa labial aurface of ft cuspid 
(About SO X) 





THE GENERAL DIRECTION OF ENAMEL RODS Si 

distal axial plane, and the degree of inclination is related to the 
height of the cusp — the taller the cusp, the greater the inclination. 
At the developmental groove or pit they meet the rods of the 
lingual cups, which are inclined in the opposite direction 




1 IC. 47 — Disturbance of enamel rod directions on linRinl surface of same tooth 
^ Fip 4S. (About SO X) 





82 DIRECTION OF ENAMEL WDS IN TOOTH CROWN 


In a mesiodistal section (Fig 45) the plan of arrangement 
be seen to be tlie same the tip of the marginal ridge corresponding 
to the tip of the cusp In an incisor the arrangement is similar 
the lingual marginal ridge corresponding to a rudimentary cusp 
This general plan should be studied in several sections of the various 
classes of teeth before the rod direction is studied more minutely 
Effect of Hypoplasia — ^^^Tienever a hyiKiphsia groove appears 
upon the surface the rod directions will be found to be more or 
less disturbed Tig 46 shows a position on tbe labul surface of a 
cuspid In this position the disturbance of the enamel rod direc- 
tion is very marhed Tbe rods tend to be in whorls and the struct 
ure is more or less deficient On the lingual side of the same sec 
tion (Fig 4T) the disturbance m structure is so great that it is 
difficult to make out the rod direction Many such areas will be 
found in sections Some condition whicli has affected the nutri 
tion of the enamel forming ceffs results in a focal disturbance of 
the structural elements 


SPECIAL AREAS 

The GiDfiTal Third —There is much variation in enamel rod 
direction m different teeth as the gingival line is approached 
The inclination apically from the horizontal may be very great, 
as much as 12 to 15 centigrades in some instances, as in Fig 48 
but tJiis IS exceptional It may be very slight or the rods may 
be almost in the horizontal plane The direction of the rods in 
these areas become very important in the preparation of the gin 
gival wall of proaimal cavities and cavities in the gingival third 
of buccil and labial surfaces 

The Tips of the Cusps —In studying the rod directions m the 
region of the cusps and marginal ndges, it must be borne in mind 
that the formation of enamel begins at the dento-enarael junction 
at separate points and that the growth is recorded in the tissue 
by the bands of Retzius, each band having been at one time the 
surface of the enamel cap then formed In a buccolmgual section 
the formation of the buccal and lingual cusps will be shown 
(Clnpter I\) Wide the little caps are growing they are being 
carnetl apart by the growth of tlie dental papilla and enamel organ, 
until the c deifications unite at the dcnto-enamel junction ^Tien 
this occurs the dental papilla has reached its maximum mesiodistal 
diameter TJie enamel organ however, will continue to grow, and 
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as the rods are completed first just over the tip of the dentin cusp, 
tlie continued growth causes an increase in the inclination of the 


Fig 48 — Direction of enamel rods in the gingival third 



rods in tlieir outer portion This often leads to a curving of the 
rods at their outer portion, 



CHAPTER VII 


THE RELATION OF THE STRUCTURE TO THE 
CUTTING OF THE ENAMEL 

There are two methods of cutting enamel — to chop or cleave it, 
and to shave or plane it 

Cleavin? or Chopping Enamel —In the cleavage of the enamel 
the action of tlie jnstnimcnt more nearly resembles that of splitting 
ice than that of splitting wood The at for splitting wood is strongly 
wetlge-shapcd and the v edge pries the fibers apart In '»pUttmg 
ice a small nick is made on the surface and then a sharp blow cracks 
the ice in the direction of the cleavage In a smikr na; (he chisel 
applied to the surface of the enamel makes a slight scratch or 
bearing on the surface, and the force applied at a slight angle to 
live direction of the rods cracks the tissue throui.b jn the rod direc- 
tion The bevel of the instrument is designed to give strength 
and keenness of e<lge not to act as a wedge In order to cleave 
the enamel it is alnajs necessary that there be a break or opening 
in the tissue, and usually that the dentin be remov ed from under it 
Onlv B sra-vH portion can be split off at a time The edge of the 
chisel should be placed on the enamel a quarter or half a milii 
meter from tlie opening, rarely more and so piece after piece is 
spilt into the eavitj Fig 49 shows a section of enamel The 
edge of tlie chisel is pheed at 1 with the shaft m the relation to 
enamel roil direction indicated, a tap of a steel mallet v ill split 
off a piece and the chisel is moved back to position 2 and a second 
piece IS spilt off Undermined enamel w ill split easilv in this w aj 
\s soon as a point is reached where the enamel rests on sound 
dentin, it is recognized bv the resistance Straight enamel can be 
split off from sound dentin without difficulty if attacked in the 
proper wav but if tlie inner portion is gnarled and twisted it can 
onJ^ be clew cd bj removing the dentin from under it Such enamel, 
if resting on dentin will q?lit as far as the rods are straight but 
where thev begin to twist the> will break off leaving a portion 
which 13 verj difficult to remove attacking it from the surface 
If the dentin is removed from under gnarled enamel it will crack 
(S4) 
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through in an irregular way, following the general direction of the 
rods. 

In preparing teeth for crowns it is often necessary to remoi^e 
a large amount of enamel. This is always more efficiently accom- 
plished by the intelligent use of sharp instruments than by force 
alone The enamel on axial surfaces, especially in the gingival 



half of the crown, is usually straight, and if a cleavage line can 
once be established, the enamel can be more easdy and rapidly 
removed by splitting it off piece after piece than in any other way. 
In doing this a straight or contra-angled chisel is often the most 
efficient instrument, and it must be remembered that the “root 
trimmers” are more properly called “enamel cleavers,” and that 
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thcj are to clc-we the tnamcl, not to scrajn. or Jjoe it ofT tlicir 
form bein^, adaptwl to gi\e a strong pilm j;nsp of the nistriinu nt 
rjjf 50 illustrates the use of the cimmcJ t/ea^tr for the rcmoxal 
of gingml emmeJ from on avwl surface 'Ihe line of tlcavage 
being established, the ffige of tlie instrument tt ])laml on t?ic 
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ennmel half a imihmetor from the brohen edgt, and thi. force 
wluch should be strong quick and sJiarp, w applied m the direc- 
tion mdicatetl an<l piece after piece is split off progressing from 
the occlusal ton ard the gingisal In preparing the n ail of a caa it\ 
the outline form should Ik attained b> cleaiage and this is the 
first step in the preparation of tlie caaiti 
After the enamel has been remoaed bj clcaaagi- to tlie point 
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where the margin is to be laid, the wall must be completed by 
cutting the enamel in an entirely different way. 

Planing or Shavmg Enamel. — ^In this manner of cutting enamel 
the tissue is removed without reference to the rod direction, and 
without injury to its structure (Figs 51, 52, and 53) The chisel 
IS used hke the blade of a plane. The cutting edge is placed against 
the surface with the shaft of the instrument almost parallel to it, 
and the tissue is shaved away In this way the rods that have 
been cracked apart by the cleavage are removed, and the walls 
arranged in terms of its structural elements so as to gain the 
required strength of margin 

Sharp Instruments.— Chisels and hatchets for use in cleaving or 
planing enamel must be keenly sharp. If a dull edge is placed on 


Fig 51 Fig 52 Fig 63 



Figs 51, 52, and 53 — The use of the chisel in planing or shaving enamel (Black ) 


the surface of the enamel it will rest across the ends of many rods, 
and force applied will only crumble them, but will not split the 
tissue The edge must be keen (Fig 54), so as to engage between 
the rods and so start the cleavage Cutting instruments as fur- 
nished by dental supply houses are not tempered hard enough to 
hold an edge There is no fault to be found with the supply houses 
for tins, for they make them as the dentist wants them, and any 
dealer will furnish hard-tempered instruments if they are ordered. 
To use hand instruments successfully in cutting enamel, the stock 
instruments must either be retempered or they must be ordered 
hard tempered. The cutting edge of the blade of an enamel instru- 
ment should be straw-colored when tempered 
The chisel and hatchets are the instruments for removing enamel. 
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that knowledge of enamel rod direction is gained, and only by 
the use of them can the enamel walls be prepared in terms of their 
structural elements. In cleaving undermined enamel the edge 
may be used either with a pulling or a pushing motion. For 
instance, in opening a cavity in the occlusal surface of a bicuspid, 
the buccal portion of undermined enamel is split off by placing 
the instrument as shown in Figs 55 and 56. The bevel of the 
blade is held toward the cavity and the shaft of the instrument at 
a slight angle to the rod direction, and the force is applied in the 
direction of the shaft. The lingual portion may be removed hy 
placing the instrument as indicated in Fig 57, the bevel of the 
blade away from the cavity and the force applied in the direction 
of the bevel by a pulling force in the direction of the shaft. This 
is tlie way in which force is applied on enamel cleavers The pitch 
of the bevel in an enamel cleaver and, its relation to the shaft of 
the instrument is extremely important, and the efficiency of an 
instrument may easily be ruined bj^ careless honing. Every time 
a cutting instrument is applied to the enamel it must be done with 
a knowledge of the relation of the cutting edge and the force to 
the direction of the enamel rods, until it becomes entirely auto- 
matic The author emphatically believes that the acquirement of 
this knowledge and skill will do more to increase facility and suc- 
cess in the preparation of cavity walls than any other manipulative 
factor. The preparation of enamel walls requires the continual 
application of the knowledge of enamel structure Enamel is a 
very hard tissue, but it is composed of structural elements, and 
walls prepared without reference to them nill prove their own 
weakness. 
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THE STRUCTUIIAL HCQUinFMENTS TOR STROxNG 
EN^HVIEL UAELS 

From tiie cnnsijcratjon of the phjsicnf chancter of the enamel 
Its structural elements and their properties, it is e\ idcnt that the 
strengtli of anj enamel aaall is dependent upon the arrangement 
of the rods m the tissue wlucli makes up the v, alls and their relation 
to the dentm Certain requirements for strengtli can be t!eari> 
stated and these are applicable to all enamel nails Thc> cannot 
alnajs be secured uitli equal facilih or perfection, but in proper 
tion as these principles are obsciaed and altnincd the wall uill be 
strong, as thc\ arc imperfcctb attained or ignored the nnll nil) 
he neak and unrehah/e RTicn t/iost conditions are understood 
verj man\ failures con be clearlj seen to haie been the result of 
their neglect 

Structural Requircmeots ~1 liie enamel roust rest upon sound 
dentm 

2 The rods v-hiclv form the caaosurfocc nnglt. must ha\e their 
inner ends resting upon sound dentin 

3 Die rods nhich form tlie covosurfacc angle must be supported 
hi a portion of enamel in nliich the inner ends of the rods rest on 
sound dentin and die outer enth arc covered bj’'thc filing material 

4 The cavosurface angle* must be trimmed or bevelled so that 
tlie margin will not be liable to mjurj m condensing the filling 
material against it (hig 5b) 

The'se requirements should be considered one bj one 

The Qiamel Must Best upon Sound Peatia — That is the enamel 
plate must have tlie support of sound dentin, and all portions which 
are undermined bj the removal of dentin must be cut aw av Wicn 
the inner ends of tin, rods which form the enamel plate rest upon 
,xjund dentm the elasticitv of the dentin gives to the enamel a 
certain degree of elasticity but the enamel itself without this support 

• The cavosurface angle is defined m the englc formed by the surface of the tooth 
and the waU of the cavity 
(£»0) 
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, ENAMEL MUST REST UPON SOUND DENTIN 

is extremely brittle A force that causes it to give will crack it 
through its entire thickness No filling material or substitute for 
the lost dentin can restore the original conditions. Figs 58 and 59 
illustrate these requirements The enamel plate a,h,c,d rests upon 
sound dentin. The rods which form the cavosurface angle at 6 
run uninterruptedly to the dentin, and their inner ends rest on it 



Fig. .'iS — Tiic Etrutturil requirements for n strong enamel nail. 


at c. The rods, h, c are also supported by a portion of enamel, 
a, h, c, made up of rods uho'^e inner ends rest upon the dentin and 
who'-c outer ends arc covered in by tlic filling material, altogether 
supporting the marginal rods like a buttress. And the cavosurface 
angle is heicllcd, including from * to I of the enamel wall, so as to 
remove the sharp corner uhieh would be in danger of crumbling 
under an instrument. An enamel w'all should be considered no 


* 
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stronger nftcr the filling is inserted tinn it was before Moreover, 
wlicn the clentm Ins been dccilcificd or destrojwl bj the action 
of ennes, the acid which Ins denlcified the dentin has also acted 
upon the enamel, dissolving the cementing substance from between 
tlie rod^, from within outward, often to a great extent and the 
structure is v erv imperfect I nnmel that lias been so weahened 



Flo 59 —The structural requiremcata for a atroog enamel wall a b ths leTel 
of the cavosurface angle The rods fomiing tho margin of the cavity at b reach (he 
dentin at e and are supported by (fae portion a b t 

Will not Withstand tlie force of mastication and sooner or later will 
crack or break aw aj from the filling material It should be remov ed 
and tlie wall formed in tissue wliose structure is j'erfect Occasion 
all> cases arise w here an operator decides to leav e some unsupported 
enamel but its weakness and the possibihtj of restoring it if it 
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breaks aAvay witliout destroying the original operation must always 
be con^'iflercd. It is sometimes supposed that it is only necessary 
to have sound enamel resting on sound dentin, but by looking at 
rigs. 00 and 01 it will be seen that the first requirement may be 
present, Init not the seeond. In these illustrations the enamel 
jilate is resting on sound dentin, but the tissue has been cut in such 
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nnd tJiip out Hit inr Ijrntion of tlic <iilirc unlj niiiU Ik. iurmvij 
to n /jftle ninn t/inn fo rcjic/i </»t ftnf n wall m 

tins Ina^ rn'<ih lx inmh m )>rr|iiriii^ n t-nvih nnll nilli n otonc 
or n Inirr Init noiild not lx. Iinlilt to !>r fortiutl nitli lintitf iri^fru 
nicnts ‘'luji nnIN ns iIih nmnint for tiit^ditpiitii^ of ninris jnnrpins 



lit n — In I r |wrl> | irj «>«m I *•11 lli« i rll r» * 6 r U rx I •un 
I) (Ifntlo 

niul tin. fniinn of nionj; the piignnl wnll Hio tK'iic H 

crnckcd to pilots jii iiiHrliii^ tin liHin^ innttrnl nml tin* inwcs 
fall out Iiitt r 1 Ins ott urn ofti ii iii tlit nl n alls of tsnnjKtiintl 
ca\ it/cs 

The Rods Porminf the Carosurface Anjle hTust be Supported — 
Tlii'i js tilt ktt to strong tiintnil walls llu ninrt jHrfctl tin siijt- 
port tilt stnnifftr tlir wall If nii rnaintl wall js cut exaefit in the 
direction of the Kxh as m lit, txxfs forming thi irnirgm 
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are held together only by cementing substance, and a compara- 
tively slight force on the surface in the du-ection toward the cavity 
will break them off. If the same wall is trimmed, as indicated by 
the line, the same force would do no damage, as the rods which 
receive it are supported by the portion which is covered by the filling 



I'la C2 — ^Emmcl w.-ill cut in the direction of the rods The marginal rods are not 
supported It should bo tnmined in the line indicated 


material It is interesting to note that in the wearing down of the 
enamel by use, nature provides the same support for the rods 
which form the angle of the vorn and tooth surfaces. Fig. 63 
shovs the tip of a worn incisor The rods at A reach the dentin 
at C and arc supported by the portion A, B, C. lYhen caries occurs 
on an abraded surface it starts by the rods at the dento-enamel 
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junction clnppjng out and forming a protected niche for the lodge- 
ment of a colon> 

Bevel the Cavosurface Angle — ^It is not altrajs necessary to bevel 
the cavosur/acc mglc nhere the rods are inclined ton-ard the 
cavitj In such places the rods forming the margin are wtU sup- 
ported and the angle need not be bevelled unless it is so sharp that 
it n ould be m danger of being injured 

There are tuo reisons for bevelling the cavosurfnee angle (1) 
To protect a sharp angle from injury, (2) to gam support for the 



Fio 63 —The up of a worn jocisor The n>ds fonnixie tho angle at 4 rroeh the 
drntin at C and are aupported by the piece ABC 

marginal rods The first occurs where the enamel rods are inclined 
toward the civitj the second where thej are inclined awa> from 
tjic cav itv 

Classes of Cavities — From a consideration of the direction of 
the enamel rods in the tooth crown and the positions where canes 
begins on the enamel enamel walls mav be divided according to 
their stnictunl tvT>e into two classes (Fig 04) 

1 'IjiO''e in which the enamel rods are inclined toward the 
cavitv characteristic of cavities on occlusal surfaces and cavities 
beginning in fissures and pits 

2 Those m which the enamel rods are inclined awaj from the 
cav itv clnracteristK. of cav ities on smooth surface 
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In the first class it is comparatively easy to obtain a strong 
margin, and this is fortunate, for when the filling is completed the 
margin will be subjected to the full force of mastication In the 
second it is comparatively difficult to obtain a strong margin, 
but only sufficient strength is required to withstand the force of 
condensing the filling material, as after the filling is completed it 
will be obliged to withstand little force from mastication. 

From a careful observation of the failures of fillings (his own 
and those of other operators), the author believes a very large 



Fig 04 — The tw o classes of cavities Those vnth the rods inclined toward the cavity, 
and those wth the rods inclined away from the cavity. 

number are due to structurally imperfect enamel walls A study 
of enamel structure as related to cavity preparation will do more 
to improve the quality of the operation and to increase the facility 
of Its execution than any one factor. Tins study is a clinical study 
guided by examination of the microscopic structure of the tissue. 
In operating at the chair the detail of enamel rod direction as it is 
applied to cavity jireparation is learned, but to do so hand instru- 
ments must be used and a sufficient knowledge of the tissue must 
haxc been acquired to think of it always in their use in terms of 
its structural elements. 
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The slept tn the preparation of an enamel wall are 

1 The clc^^ngD ot tlic enamel until the outline lorn ot the 
civjtj js rencliet) 

2 llic trimming of tlie enamel 

3 The preparation of Uit margins 



Fi > 65 — Oc lusal fissure io ao upper bi«.uspid shoams direction of rods 
(About SO X) 

I verv tu-imel wall should be prepirwl acconlmg to tJiese steps 
The first not onij removes the tissue mort. or less disintegrated 
and w caKened bv canes but also places the margin of the filling 
in i position where it is not likelv to be co'ere<I the growth of 
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a colony of bacteria It also determines the direction of the enamel 
rods so that the walls can be completed in terms of its structural 
elements 



Fig 06 — The same section as Fig 65, showing the position of the chisel in cleaving 
the enamel to open the ca^’lty 


The second step is accomplished by the shaving or planing pro- 
cess, and should always increase the inclination of the entire enamel 
wall slightly, so as to extend a little beyond the rod directions, 
and remove tlic portions that have been qracked or splintered by 



wo LTRUCTURiL ItLQVinEVENTS FOR EVAVFL llOlii 


the clenaje After cleivagc the enamel nail njll usually have 
n more or less nhitisli look Tliis is caused bj the craekmj of tie 
cementing substsnet belncen tlie rods The light is refracted by 



Fi< 3 6^ — pRparfttKiR o( ensm^t walls m ocilusal fissura cavities (the same as Figa 
(.a sod bOi 


the Ilf m these microscopic spites and imparts tins ivhitish or 
snowj look to tlie tissue These portions are removed b> planing 
or siiav ing and the tissue obtains its bluish, translucent appearance 
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The third step is also accomplished by the planing process, and 
should be carried out with two objects in mind (1) To so form 
the cavosurface angle that the tissue will not be liable to injury 
m the condensation of the filling material against it, and (2) to 
leave rods whose outer ends will be covered by the filling material 
to support those which form the actual margin of the cavity. 

The steps m the preparation of enamel walls may be made more 
clear by photomicrographs. Plate VII shows a portion of enamel 
close to a carious cavity which is to be extended to the left. The 
chisel is placed close to the margin and the portion is split off. The 



Fig 68 — The relation of the cavity to the crown (the same as Figs 66 and 67) 


wall then appears w^hitish, for, as is seen, the cementing substance 
has cracked m several places, disturbing the structure, and in 
several places rods have been broken across The wall must now 
be planed so as to increase the inclination of the entire w^all slightly, 
and finally the cavosurface angle must be bevelled, involving from 
g- to I of the thickness of the enamel wall to give support to the 
rods forming the margins. In this case the rods are straight and 
parallel, but in Plate VIII they are twisted If the dentin is removed 
from imder this enamel and the chisel placed as indicated, the por- 
tion will be split out, but not only has the tissue been splintered. 
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but a considerable portion is left in wliicli tlic rods Iia\e been 
broken across feeling of the margin with the chisel tins can 
easily be determined and the angle of the ualJ must be increased 
bj planing so as to lea%e the nail m the position shoivn in Plate 
Mil 3,andfinall\ the cavosurface angle must be be\ died 



Fig CO — The trinimiDg of the walls instead of lapping the filling material on the 
e\op« of (he cusps 


Preparation of Simple Occlosa] Cawhes — Canes often begins 
m the mesnl and distal pits of the upper bicuspids and in pre- 
paring the caMties for filling tliev must be united Fig Go is a 
buccolingual section through a first superior btcuapid Suppose 
canes has reached the dcnto-enamel junction m both the me&nl 
and distal pits and the^ are to be united along the groove A 
small spear drill is earned into the mesial pit until the dento-cmmel 
junction IS reached then a small inaerted cone burr is carried into 
the dentin just under the enamel and drawn from the dentin to 
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the surface of the enamel. TMien a narrow cut has been made 
from tlie mesial to the distal pit, a chisel placed at the edge of tlie 
opening will split out the enamel as indicated in Fig 71 Now tlie 
walls must be planed so as to bring the buccal and lingual walls 
into the axial plane, and the structural requirements will have 



Fig 70 — Caries beginning in an occlusal defect of a molar (About 80 X) 


been completed (Fig 67). Fig 68 shows the relation of the cavity 
to the crown 

It has often been advised to allow the filling to extend on to 
the natural slopes of the cusps, as indicated in Fig. 69 It will 
be seen, however, that a stronger enamel wall and a stronger edge 
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of filling material will be obtained if the enamel wall is bevelled 
to the point wliere tlie margin of the filling is desired and the filling 
finished to this position 

Fig 70 shows a buccolmgual section through a molar with a 
small cavity in a mesial pit Canes has undermined the enamel 



Fio 71 — The prepnratjoa of the epamel walla of the canty shown wi Fig "0 


slightly toward the buccal but has attacked the enamel on the 
surface extending toward the lingual farther than the enamel 
has been undermined at the dento-cmmel junction Appljmg 
the chisel to the surface the underaiined enamel is split away, 
ns 13 mdiented in Fig 71 TIte buccal wall is planed until it is in 
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the a\inl plane, and tl\c cavnsnrfaec anple l)e\ oiled. Jt is not 
necessary to extend the cavity to the linpual beyond the point 
where sound dentin is reached, but the disit\tegrated ('uanrcl on 



Tic. 72 — Tln' relation of the* Pa\ity to the crown (the Knine ‘.eetion phown in 

riir« TOsmlTl). 



I mt uilHliilJH 

Fig 73 A larger cavity m the occlusal surtnee of a molar The position of the 
chisel in opening the cavity. 
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the surface must be renio\cd The enamel uall ts therefore 
inclined about G centigndes IinguaII> from the axial plane, and it 
IS not necessary to ho\el the ca\osiirUce angle The rods are 
inclined toTOrd the cavjtj, the rods forming the margins are 




Fig 75 — The preparation of the cavity shown in Fig 74. 


All occlusal defects should be filled as soon as the decay has 
reached the dento-enamel junction, as all progress of the disease 
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beiond tint pojnt rtfjHirts wnfict of tj^siic, which otherwise 
wouW be sivcil, nml the ennind vuill btcowits less nnil less strong 
Ijg 73 shows n imich more extinsnc occhisa! ca\it\, one that 
has been m{,Icct(x! until the cinmcl Ins Uxti broken in, and ns a 
result tlicrc was imich umitnisars loss of twith structure ‘Ihe 
chisel IS applied to the surface as mdicntcvl and the umlcmnncd 
cmnul lirokcn ilown until the sound dentm is ri iclicd On the 
buccal, th< tnanicl s^nll is cut to the axial plane, and the caso^wr 
fnee angle licNellcMl If the iKcn\ in the dentin had reached the 
tip of tlie dentm cusp it seould Ik. rieces'iars to ixmoic the tip of 
the tiinmtl nisp and intbnt the wall nlMiiit S mitigndes buccall> 



Tio 70 — V (inflxval tiurd csvilr lu a molar 


from the a\nl phni in onler to obtain a strong wall and then 
the eu«p wouM be repheed li\ filling material On the Imginl 
the undermmtd cmiiiol is remosed and the wall inclined slightly 
Imguallj from the axial plane and the cxsosurface angle bevelled 
a little Fig 73 show s tiie relation of the cav it\ to the crow n 
Gmgixal l^d Cavities — I ig 74 is n buccohngiml section of a 
superior bitiispul showing a break in the enamel m the position 
of a gmgivnl third civitv Fbe occlus'il wall is cleaved to find the 
enamel rod direction then pfantd toincreibc the inclinatton slightly# 
leavin^ it mUmed about 8 centigndes occlusiHy from the hori 
zontal plane and the civosurfaee angle bevelled to obtain support 
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Fig 77 



Fig 78 



no STRVCTVRAl RCQUIRFMFNTS FOh RSAMEL WiU^ 

for tlie margimJ rtxis iiic lingual wnH is prepared in the same 
na>, inchncrl gintuaHj aiwut 0 ccntipradts from the horizontal 
plane and the ca\ osurfacc angle Lculfcd Iig 75 shows the walls 
prepirctl 



fia 7J — \ covity ID the lingual pit 0/ ■ lattMUncwnr The position of tuo chis 1 
ID epeniDE the cavity 

Fif, 7G IS a Similar section from a mohr A.ftcr clioppmg awaj 
the occlusal wall until the caMtj his been estended to the point 
of greatest con'CKitv of the surface, the will is seen to be in the 
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condition sliown m 3 ig 77 Nc ir the surface the enamel has broken 
across ^lerodsand ncarthcdcntcvenamcl junction thesatnc thing has 
happened, but m the rest of the distance the clea\ age has followed 
the enamel rod direction Hie inclination of the ^'all is increosetl 
bj planing until this roughness has been removed and then the 
cavosurface angle is be\ellc<l to support the marginal rods, and 
preparation is complete, as shown in I ig 7S 
Tig 79 shows a cnvitj in the lingual pit of a superior lateral 
incisor Canes lias undermined the enamel to o considerable 
extent and the tavitj will have to be larger than would otherwise 
have been nccc^sarv Placing tlic clusel close to the occlusal 
margin ns indicated tlie emincl w cliipped awaj in that direction 
and around the circumference On (he lingual wall the chisel 
mn^ be reversed nn<l used with a polling motion, like a hoe In 
this wnj the undermined enamel is eluppeil awaj and the tip of 
the marginal rulgc rcmovevl Tlic wall then phncil into the 
horizontal plane and the cavosurface angle hovelled Fig SO 
shows the structure of the gingival wolf and Tig SI the relation 
to the crown 
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STRUCTURAL DEFECTS IN THE ENAIMEL 

The formation of enamel begins at the dento-enamel junction, 
and the tissue is laid down from within outward, so that the enamel 
in contact with the dentin is formed first and the surface of the 
crown last Enamel formation begins at several points for each 
crown, the exact number and position of which has been the sub- 
ject of much investigation. When enamel formation begins, 
these points are close together, but they are carried farther apart 
by the grovth of the dental papilla, and are not united for some 
time The separate enamel caplets unite first at the dento-enamel 
junction, and as the formation of the thickness of the enamel 
progresses at these lines of union, there is always more or less 
disturbance in structure Even where the union seems perfect, 
sections will show more or less disturbance of enamel-rod direction, 
arrangement of the rods, and relation to the cementing substance 
Every operator and student of dental anatomy is familiar with 
the developmental lines On the occlusal surfaces they are usually 
marked by well-defined grooves, but upon the axial surfaces the 
grooves may be very slight, scarcely more than slight depressions 
of the surface, and consequently they are not thought of It will 
be found, however, that on these lines there is less perfect enamel 
structure, and consequently the tissue is not as strong, and these 
lines must be avoided m the preparation of enamel walls The 
cause of disturbance of structure will be better understood after 
study of the development of the tooth germ and the formation 
of enamel in the chapter on Dental Embryology, but some details 
of the cause should be touched upon here The study of tlie dia- 
grams of the growth of the tooth crou n will illustrate the conditions 
(see Chapter XXVI, Fig. 278), and shows a buccohngual section 
through the tooth germ of a bicuspid just before the formation 
of the dentin and the enamel begins The odontoblasts (dentin- 
forming cells) and the ameloblasts (enamel-forming cells) are in 
contact at vhat mil be the dento-enamel junction. The odonto- 
blasts form dentin on their outer surface, beginning at the tip of 
^ (US') 
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the dentm cusp, and progress from witliout inward and extend 
dorm the slopes of the cu^s The ameloblasts form enamel on 
their inner surface and progress from nithin outward and down 


FJO 83 Pjo S3 



Tios 82 to 87 —Diagrams showing »ho growth of the crown of a hicuspid 


the slopes of the cusps In this waj little caplets of dentin covered 
bv enamel are formed over the horns of the dental papilla, the 
caps are, of course, thickest where formation has been going on 
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longest. While these caps are fornaing, the dental papilla is increas- 
ing in size, and so they are carried farther and farther apart (Figs 



Fig 88 — The section from which Figs 82 to 87 vierc drawn A, tip of dentin cusp, 
J3, lines shownng little caps of enamel formed before calcifications from separate 
centres united, C, lines showing amount of enamel formed when calcifications 
united 



Fig so — Occlubal defects from an old tooth 


82 to 87) As soon as the calcifications reach each other at the 
dento-enamcl junction and unite, the increase in the diameter of 


IlG STHllCTVliAl MFtCTS IS TUI ISAMCL 

tlic <!cnt'il jnpilln ccnsc'f Jlie Iflvcf of nrntloljhst'j vliicli are 
tali coliiinnnr alN n«a ffncrtli< ^iir/flce of tht ttnou! ami mxne 
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STRVCTVRAL DBFECtS IN THE ENAKIEI 


their nourishment and t}ie matemis for the formation of enamel 
from the blood supply tlirough the stratum intermedium As 
the blood supplj comes from above it is evident that the cells 
high tip along the slopes of the cuqis will receive most whife those 


Fio 04 Fio go 



Fro 04 —Cidusat surface of ()i« iotrsr third molar ehoninj; Ore erooiot 
Fio — Thesimetoothsfjcod/orseciiomoc / the piece from which the secuoo 

shown in Fi» 06 and 97 was ground 


at the bottom of the groove get what is left The formation is 
therefore more npid along the slopes and less rapid at the point 
of union As growth continues this difference in supph increases 
and aocordingh formation at the bottom of the groove is first 



Fio 96 — rbescciiongrouDd/rmi/ Rg fo sh .wing the depth of the fissuM 


slowed and finallv stopped and the result is a defect The taller 
the cusps the greater will be the interference and the deeper the 
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defective groove In studying sections (Figs 88 to 92) it is very 
noticeable that teeth with long pointed cusps have more open 
grooves, and the defect often extends almost or quite to the dento- 
enamel junction 



Fig 97 — Higher magnification of the fissure shown in Fig 96 (About 60 X) 

The bands of Retzius, which are the incremental lines of the 
enamel about these grooves, should be studied It will be seen 
that they always dip down around the groove, and that more 
enamel has been formed between one band (Figs 98 and 99) and 
the next on the slope of the cusps than at the bottom of the groove 
In teeth witli very flat, low cusps the closure of tlie grooves may be 
very perfect, leaving only a slight depression (Fig 91). 
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The importance of these defects os posjtions of btgmnmg ennes 
c^nno^ be ocrestjmittt), ns thej turmsh ulct) conditions m areas 
that uQuk! otherwise he immune ami thev are the positions in 
n)iic}j t}ie attacks of canes arc first maniftsterf These occlusal 
groo\es ippoar m great \amtj Some are simpls shallow open 
grooves m nhicli the surface of the enamel js perfect (Fig SS), 
some ire ver^ rfeep and cntiref^ cmpt> (Ftgs SO 00, and 02) 
otliers arc apparently filled with a granular more or less stnicturc- 
less calcified materia! which appears to have been dcpositwl in 
tlie groove after the emmtl was completed (Fjgs Dd, 9S, and D9) 
This IS probahlv of tlie nature of tementum It was formed after 



Fio 9s —• Vn o?clvi5iil defect i& • tooth Tho fissure is fii/etf with coronal 
remeptum 


the enamel was completed, but while the tooth was enclosed in 
its follicle in the crvpt in the bone It is to be compared with the 
coronal tementum that is ciiaractecisfic of the complex grinding, 
teeth of the ungulates and other herbivorous animals A study 
of the'^e defects furnishes the basis for the operitne rule that all 
grooves must be cut out to the point where the margin will be on 
a smooth surfvee For if thev are not a defect will be left at the 
margin of tlie cav ity which offers ideal «>nditions for the beginning 
of a new dccav hen canes begins in sucli a defect at the margin 
of a fillmj. It progresses at the bottom of the defect until the dento- 
tnimrl junction is reached and then extends m the dentin and 
mav destrov the entire crown without showing upon the surface 
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(page 50) The extent of these defects is much greater than 
would be supposed from the observation of the teeth in the 
mouth Fig 94 shows the occlusal view of a lower third molar, 


Fic 





extracted because of disease of the peridental membrane, from a 
man aged about forty years Examining these grooves with a 
fine-pointed explorer, it would not stick any place No operator 
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tvould tliink of cutting them out ind filling them The cromi ^as 
sawed through from buccal to lingual, as sho\in m Tig 95 and the 
piece m irked 1 is sbon n m I igs 96 and 97 Tiic groov es are open 



tno thirds of the distance to the dento^n'imel junction, and show 
flight action of caries Suppose lanes h id started in the central 
pit, and a small round filling had been made open defects nouJd 



be left at tlie margin nliere e\ery groo've radiated from the central 
caMtj -ind these nould be just as liable to recurrent decay as 
the> v.ere ongmallj, and if canes occurred, it nould progress at 
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the depth of the groove, reach the dento-enamel jonction, and 
progress in the dentin, until the occlusal enamel was so undermined 
that it would break in under the force of mastication. On the 
otlier hand, if the grooves are cut out to a point where the cavity 
margin will be on a smooth surface, there is no possibility of recur- 
' rent caries if the filling material is properly inserted. This one 
illustration, which might be duplicated a thousand times, there- 
fore is the rational basis for the rule, “All grooves must be cut out 
to their ends ” 

Caries does not occur m all open grooves. Fig. 90 shows an 
open groove in a section from a tooth in which the wear indicates 



Fig 102 — Defects on the asial surface m the enamel 


that It was not from a young person, but most of the grooves that 
escape are not open, but more or less entirely filled with structure- 
less calcified matter or coronal cementum. Figs. 93, 98, and 99 
are very good illustrations of this class of grooves. 

The condition in pits from whicli grooves extend, as the lingual 
pits of incisors and the buccal pits of molars, show the same con- 
dition as the grooves, except that the defect is both broader and 
deeper. But pits that are sometimes found on the tips of cusps 
and on smooth surfaces show an entirely different structural con- 
dition, and arc pathologic in character 

In places where the union of the enamel plates seems perfect. 
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as, for mstance, on t!ie labnl surface of the jnci'iors or tiie buccal 
sviiacv of the biciispuls, am} the hue of union is raarXed onfy by 
a slight depression of the surface, the section mil show disturbance 
of structure Tig 101 n dnuing midebj Dr Chek a good manj 
veirs ngo, shoi\s such a position At the surface the rods and 
their arrangement seem \cri perfect, but from a point about one- 
third the distance to tlie dLiito-enamcl junction there are no rods 
at all but appirtntf\ a numficr of calcosphentes in a granular 



FiQ 103 — i scciioii througf so badefe t m that shown in F»g 10^ (About 80 X> 

talciftc substance Inlig 10) another of Dr Clack s illustrations 
the rods arc vtr\ irre,^»Iar and arc separated b> large areas oi 
structureless ralcificd nu<« rial Groot es are often found in unusual 

or atcpical po'^itmns I ig 102 hona a groote running ottr the 

oiesitl mirginal ruige intldonn on the mesial surface Iig 103 
shoos a section through siirfi a defect Notice the folding of the 
enamel into the dentin and the disturbance of the rods about 
the groove anil between its base md the dentin 
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SPECIAL AREAS OF WEAKNESS FOR ENAi\IEL 

MARGINS. 

There are certain positions winch in tlic perfect crown are 
areas of great strength, but winch, because of the peculiar structure 
of the tissue in these places, become areas of weakness when cavity 


A B 



Fig 104 — Buccolmgual section of upper bicuspid Enamel is broken from grmding 
A to B, area of n eakness for enamel margin (About 20 X) 

( 125 ) 
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margins nre made m tliem The titatment of beginning canes 
would lead to no failures in these positions for cavity margms 
iiould ncier be extended into them, except in tht treatment of 



Fjo lOS—tnomel o^er Op o/dentiacuap ® *“110 'U*P (About SO Xi From 
8am? mtion •» FIfi IW 
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burrowing caries and neglected cases The extension of caries 
at the dento-enamel jimction often requires the extension of the 
margin into the area of danger. In considering these areas and in 
the preparation of cavities, as well as the areas of imperfect struct- 
ure considered in Chapter IX, it is important to place as much 
emphasis on the necessity of not extending cavity margins into the 
areas of weakness, as on cutting away the dangerous area and lea^dng 
the margin in a safe position, when the area cannot be avoided. 

In considering the relation of the enamel and dentin, and in 
studying the arrangement of the enatnel-rod direction in the 
“architecture” of the tooth crown, 
it has. been pointed out that the 
dentin cusps and the dentinal 
marginal ridges are not directly 
under the corresponding points on 
the surface of the enamel, but are 
nearer to the axis of the tooth 
The areas on the surface of the 
enamel, from the point directly 
over the tip of the dentin cusp 
or ridge to the tip of the enamel 
cusps or ridges, become areas of 
weakness when a cavity is ex- 
tended into them. 

Fig 104 is a photomicrograph 
of a buccolingual section of a 
superior bicuspid, and Fig. 105 is 
a higher magnification of the same, 
made to illustrate the condition 
It will be seen that if decay has 
e.vtended at the dento-enamel junction to the tip of the dentin 
cusp, and the enamel walls were left in the axial plane, the rods 
which form the surface of the enamel from the margin of the cavity 
to the tip of the cusp “are not supported by dentin,” and would be 
likely to be broken and fall away, leaving a defect at the margin 
of the filling If decay beginning in the groove or pit has extended 
only to point C, Fig 104, the wall may be trimmed in the axial 
plane and an ideal nail produced, but if it has reached point D, 
Fig. 104, it must be inclined buccally so as to remove the tip of the 
cusp, as indicated in the dotted line, and the cusp restored by the 
filling material. The region of the surface indicated b5' A-B, 
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Fig 106 — A bicuspid cut for sec- 
lioniDE Sections were ground from 
the positions marked by the lines 
1, 2, 3, k, and 4 is also shown m. 
Figs 107, -and lOS 
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while an irca of strength in tlie perfect tissue becomes a position 
of weakness when ca\it> margins are extended into it A careful 



observer will find nnnv failures thnt are tlie result of bid enamel 
wall preparation in these areas The same conditions exis in e 
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region of the marginal ridges. Figs 107 and 108 show the mesial 
marginal ridge of a superior bicuspid. If this is filled before the 
destruction of dentin has extended beyond the point A, the mesial 
wall may be cut in the axial plane as indicated , but if it has reached 
the tip of the dentin ridge at point B, it must be inclined mesially, 
so as to reach the tip of the enamel ridge Figs. 109 and 110 show 



Fio 108 — A higher magnification of Fig 107, showing enamel-rod directions in the 

region of the marginal ridge 

the distal marginal ridge in a second molar. Notice the inclination 
of the rods from the tip of the dentin ridge. If decay has reached 
tins point the wall must be inclined distally, so as to reach the rod 
direction, or a frail margin will be left and one which will not sus- 
tain the force of mastication Neglected caries m the lingual pits 
of incisors often present the same conditions as found in the mar- 
9 



130 AREAS OF WEAKNESS FOR ENAMEL MARGINS 


ginal ndgcs of the 6cclH‘'tl surfaa of molars and bicuspids The 
same conditions are aUo often encountered in the prepiratioo of 
Simple caxitios m the mesial or distal surfaces of incisors when 
caries has followed the dento-enamel junc- 
tion toward the lingual Tig 111 shows a 
superior centra! incisor from nliich sections 
were cut as iiwhcatcd Suppose canes to 
lia\e begun in the region of the contact 
point and to haic extended to the point 
a If the lingual enamel wall were prt 
Fio 100 — An upper pared at the line /) Tig 112 a \erj frail 
result iwet mm, ns upon (lus 
IB Fig 1 1 0 wan from the lingual bj the occlusion of the 

lower jncisors would be likely to breakout 
or crack a trnnguhr piece of enamel, and the filling iroufd fad 
along the lingual wall If howcicr the wall be laid m the line at 
B, a strong wall is produced against which gold can be properlj 
condensed without danger and which will withstand the force of 
occlusion 




ho ito Th9 sectioo grouB^ trora ftg 109 


Dentists are often tempted to prepare simple caiities m the 
mesial surfaces of first and seamd bictapA and occasionam m 
the molars If this is eterdone, it must be mth tlie Munoivledse 
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both of the liability of recurrence of caries and the structure of 
the enamel, for experience shows that such operations usually fail, 
either by recurrence of caries at the bucco- 
gingival or linguogingival angles, or by the 
breaking out of the enamel of the marginal 
ridge Fig. 115 shows the mesial surface of 
a superior bicuspid There was a white spot 
on the contact point, but no actual cavity, 
as the enamel rods had not fallen out A 
section was ground through this point, and 
Fig 116 shows a photomicrograph of it 
The enamel rods have fallen out of the 
disintegrated area, and the decalcification 
in the dentin is shown. If this had been 
treated as a simple cavity the occlusal wall 
would have required an inclination of IS centigrades occlusally 
from the horizontal plane to reach the enamel-rod direction 
There is very little support offered by the dentin for the enamel 
of the marginal ridge, and the portion over to the occlusal groove 
would be likely to be broken off by the force of mastication The 
conditions of the occlusal wall are better shown in Fig 117. 



Fig 111 — A superior 
central incisor, showing 
the position of sections 
inFigs 112, 113andll4 



Fig 112 — Section 1, Fig 111, showing the enamel worn from the marginal ndges 


Any number of illustrations of these conditions might be made, 
but the subject may be summed up by saying The surface of tlie 
enamel from the point directly over the dentin cusp or ridge to the 
tip of the enamel cusp or ridge, which is an area of great strength 
in the perfect crown, is a region of xveakness for an enamel wall. 
It is fully as important not to extend into this area unnecessarily 




Fic 111 A higher Dxaenificiition of the Dwsial margmal ndge ihowD in Fig 111 
(About CO X) 
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as to form the uall jiropcr ^\llcn caries lias extended so as to 
invohe it. IVhen caries of a smooth ‘surface approaclies a mar- 
flinal ridge wliicli rccci\cs the force of occlusion, the 'wall must 



I II. 115 — Oiriu.-il null iiK-nl m'pu* of n •-tiiHTior l)inisi)ul, .-liowmc posiltoii of 
mlioii \ iKjiiiinnu Mrii"- oinilii Ik* '•rcii oii tlie “urf »C( , hut It lioi ' tint <-lin\\ well 
HI fill* j.irtiiri' Ti'c teitiiui from tlie Inireil jiiece i- •-iiouu tn the follow inc illuslr'i- 

flOIl" 




CHAPTER XI. 


THE DENTIN. 

The dentin may be defined as a connective tissue whose inter- 
cellular substance is calcified It is apparently homogeneous in 
structure, but penetrated by minute canals, which contain proto- 
plasmic projections from cells lying withm a cavity enclosed by 
the tissue. 

The Function of the Dentm. — ^The dentin makes up the mass of 
the tooth, giving to it its general form, each cusp and root being 
indicated in it It gives to the tooth its elastic strength, and the 
enamel, being hard and very resistant to abrasion but extremely 
brittle, is dependent upon the elastic support of the dentin This 
has been elaborated to a considerable extent in the chapter on the 
Dental Tissues The fact that the dentin gives the strength to 
the tooth should never be lost sight of in operating, and sound 
dentin should never be sacrificed unnecessarily in the preparation 
of cavities 

Structural Elements of the Dentin. — The structural elements of 
the dentin may be stated as' 

1. The dentin matrix 

2. The sheaths of Nevanan and the dentinal tubules. * 

3 The contents of the dentinal tubules or the dentinal fibrils. 

While these are the elements of which the tissue is composed, 
there are other characteristic appearances found m the dentin, 
caused by special conditions or arrangement of these elements 
which must be studied These are the granular layer of Tomes, 
tlie intcrglobular spaces, the lines of Sclireger, and secondary 
dentm. 

Origin of the Tissue (Histogenesis).— The dentin, like all of the 
otlicr calcified tissues except the enamel, is a connective tissue, and 
is formed by the dental papilla, which is a conical papilla of con- 
nective tissue rich in bloodvessels and covered on its surface by 
the layer of dentin-forming cells, the odontoblasts The dentin 
is formed from without inward, leaving the remains of the dental 
papilla in the cavity of the formed dentin as the dental pulp. Before 

( 135 ) 
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the tooth js erupted, and Hp to tlie time that the full IcuRth of the 
root IS formed, a clnnctcristic tiuchness of dtntm is formed, Mhich 
IS called the primary/ ilentin After this tiint dentin is formed In 
the pulp onh intermittentlj, in response to irritations and trophic 
impulses prwiuciiig Sccondan dentm is alnajs 

more irreguhr m the arrangement of the tubules and more impcr 
feet m structure than tlie pnman dentin Jlie boundarv Jme 
between two periods of dentin formption can alwajs he picled out 
b\ changes in tlic direction or charaettf of the dentinal tubules 
The Dentin Matrix — The dentin matrix is a solid apparently 
homogeneous and acrj elastic substance through which the den 
timl tubules extend It is tramhccot in appearance and sh^hth 
aellowish in eolor In hrohen or split sections to the unaide<l c^e 
it has n icllonish color In rcflcctw! light and a characteristic 
luster due to the refraction of light b\ the tubules In ground 
sections, b) traiismittcil light, under the microacopc it is ser^ 
translucent and shows no indication of structure 
TJjo matrix consists of an organic basis of ultimateJ; fibrous 
cliaracter, Mcldmg gelatin on boiling, with which the inorganic 
salts arc chemically combined Tlie rchtion of organic and inor 
game matter in tlie dentin inatnx is sunilnr to the condition m 
the bone matrix an<l that of all calcified conncctn e tissues Appar- 
ently the organit basis is fir«t formed, and then the inortaiiic 
salts are combjne<l with it in a wtak cltcmicil union If the dentin 
IS treated frith dilute acid the morgnnic matter is dissohed and 
the organic bisis is left retaining the form of the tissue If the 
organie matter is hurned out it Icaies the inorganic matter m the 
chancteriatic form 

Aon Bibrn j,iycs the follow mg analysis of perfectly dry dentin 
Organic RUitK-r 27 01 

Fat 0 *Q 

Calcium phosphate and fluonde ^ ^ 

Calcium carbonate 3 w 

Mngnosium phosphate ^ 

Other salts ® “ 

Mr Charles Tomes pointed out tliat such analyses ns this fviled 
to take account of about b percent of avater which is held as water 
of combination and xyhicfi is dmen off at about red heat 
It is evident that the organic matter m tlie dentin is of two kinds 
— the organic basis of the inatnx which is of gtlatm j lelding 
character, and the protoplasmic contents of the dentinal tubules 
\ ariations therefore in the proportion of orginic and inorganic 
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matter in the dentin might be caused by differences in the propor- 
tions of organic and inorganic constituents of the matrix, or by 
variations in the size of the tubules and the amoimt of material 
contained in them. 

If dentin changes in its degree of calcification ndth age, this 
might be brought about by the reduction in the size of the tubules, 
or by the adding of inorganic constituents to the matrix. 

The amount of material contained in the dentinal tubules is 
much greater than is generally realized. If 2 m is considered the 
average diameter of the dentinal tubules, and they are separated 
by an average of 8m of dentin matrix. Some idea of the relative 
volume of the dentin matrix and the contents of the tubules can be 
obtained, but this is greatly increased by the very numerous side 
branches which connect the neighboring tubules This matter can 
be visualized by taking a lump of soft clay and boring it full of holes, 
making the holes two inches in diameter, and separated by eight 
inches of clay. 

The ultimately fibrous character of the dentin matrix can be 
made out only in various stages of decalcification and decomposi- 
tion. In the original condition no trace of the fibrous character 
can be seen By maceration with acids and alkalies the intertubular 
material assumes a fibrous appearance, as if bundles of white con- 
nective-tissue fibers had been fused together. There is apparently 
no definite arrangement of these fibers and there is no indication 
of the arrangement of the substance in layers 

The Sheaths of Newman. — ^There has been much discussion as 
to the character of these structures, which were first discovered 
in 1863 by Nemnan. Some investigators have denied their exist- 
ence entirely, explaining the appearance in some other way These 
structures are in no sense a sheath surrounding the dentinal fibril 
and lying in the dentinal tubule, but are that portion of the matrix 
which forms the immediate wall of the tubule. That this material 
differs from that which occupies the rest of the space between the 
tubules is certain, and is shown by the examination of ground sec- 
tions, the action of stains upon groimd sections, and the action of 
the matrix when boiled with strong acids and alkalies. In Fig. 
US, a photograph of a ground section, there is eUdently a dif- 
ference in the refracting index of the portion of the matrix imme- 
diately surrounding the tubules. Apparently the sheaths of New- 
man are composed of a material similar to that forming elastic 
connectir e-tissue fibers, and known as elastin. This substance 
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IS \cr\ resistant to the action of nads and alkalies After the 
remainder of tlic intertuhiilar material has been dcstrojed by 
boiling with strong acid, the sheaths remain like hollow elastic 
fibers ha\ing the appearance of pipe-stems, whicli resist long-con 
tinned action of the boiling acid Some authors ha\e suggested 
that tlie great elasticitv of the dentin was largely due to the presence 
of this substance ‘ 



Fio 1 is —Dentin fhonins tubul«» 10 srclion Dl deotinal tubuln D dcntio 
aatm 5 shadow ot •heaths of Nefrman (About 1150 X) 

The Dentinal Tubules — ^Tbe dentin matrix is penetrated et er\ 
where bj minute branching tubules whidi radiate from the central 
caMtj or pulp chamber and extend to the outer surface of the 
dentin at the dtnto enamel junction or the dento-cemcntal junction, 
where thej end blindlj or in irregular enlargements These tubules 
are from 1 1 to 3 microns in diameter One hundred measurements* 
made at random from ground sections ga\e the extreme measure- 
ment 3 largest 15 smaflcsl andaycrage 2 9j Tiftj measure- 
ments from one longitudinal section of tubules at their pulpal 
extremity gave an a\erage of 26 largest 3 smallest 15, and 
50 measurements at the dento-enamcl junction of the same section 

* Hawaiawa Tokyo A Study of the Mimite Structure of Human Dentm Trans 
Panama Pacific Dental Conercss 1815 p 80 and Dental Cosmos February and 
March 1917 vol ix 

* KoUiker gives 5 nacrous also SchSfer Owen 25miorona 
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gave the following. Average, 12; largest, 15, smallest, 0 75. 
These measurements were made with an eye-piece micrometer, 
using oil-immersion objective and No 3 ocular 

At the present time there is a fertile field for investigation offered 
in regard to the size of dentinal tubules. Many statements have 
been made that have not been supported by tabulated measure- 
ments, and no definite statement can be made as to the variations 
and size of the dentinal tubules m different teeth, the teeth of 
different animals, or m the human teeth at different ages 



Fig. 1 19 — A section showing the primary curvatures of the dentinal tubules in the 
crown portion (About 20 X) 


Direction of Tubules m Crown Portion — ^In the crown portion and 
the gingival portion of the dentin the tubules pass from the pulp 
chamber to the dento-enamel junction, or the dento-cemental 
junction, m sweeping curves, which were called by Tomes the 
primary curvatures These have been described as /- or S-shaped 
(Fig. 119). The tubule tends to enter the pulp chamber at right 
angles to the surface, and to end at the dento-enamel junction at 
right angles to that surface. In the dentin forming the axial walls 
of the pulp chamber the tubules make two bends in passing from 
the pulp chamber to the surface of the dentin. In the first the con- 
vexity is directed apically, in the second it is directed occlusally. 
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'nicoiitcfoxtamit^ of tlic tiihulc is therefore coniuh nhK firther 
to tJu oc<.hi''nl til in tin. point at t^hicU it Ripens mto the 5mlp tUaiu 
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ber (Fig 120) The outer part of this double curve is often complex 
instead of simple (Fig 121) The course of the dentinal tubules 
is not a direct one, but that of an open spiral This maj-- easily 
be demonstrated by changing the focus up and dovn in examining 
sections cut at right angles to the direction of the tubules When 
examined in longitudinal sections this spiral course gives to the 



Tig 122— Dcuti]\ at dcnto-ennmel junction, shoMing tubules cut longitudinally. 

(About 700 X) 


tubule tlie appearance of having little vati curves throughout 
Its length These have often been called the secondary curvatures 
Each wave represents a turn m the spiral. As many as tivo hun- 
dred lla^e been counted in the length of a single tulnile, or about 
one hundred in a millimeter of length 
The dentinal tubules give oh minute lateral branches, vhicli 
extend from one tubule to another These are very minute, and 
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in tlie crown portion of tlic dcntm arc not at all con<<picuous but 
in the rcRion of the dcnto^nunc! junction the tuliulos branch 



r»a l'’X— tVenUo Item ih»‘ rort thowinc l«bul»« ml loorOji^o^^r 
co&n«cUS( branchy (\boui "00 X) 




DENTINAL TUBULES IN THE ROOT PORTION 143 

dichotomously, each fork having about the same diameter as the 
original tubule (Fig. 122). These forkings of the tubules resemble 
the appearance of the delta of a river on the map The branches 
anastomose with each other very freely. This anastomosis of the 
tubules at the dento-enamel Junction is very important in deter- 
mining the spreading of caries in this area. It probably also explains 
the sensitiveness of this area noticed m the preparation of cavities^ 
which will be noted again in considering the sensitiveness of tlie 
dentin 



Tic, 121 — Granuhr In.\cr of Tome-! L. Hcun-c of cpmrntum, ffT’, Bramilar hj or of 
Tomes, la, inlcrglobul'ir spaces (About 200 X) 

The Dentinal Tubules in the Boot Portion — ^Tn the root portion 
of the dentin tiic tnlnilcs ordinarily sliow only the secondary curves, 
their general direction being at right angles to the axis of\he pulp 
canal. "J'hroughout thc'ir course they uivo off an enormous number 
of tery fine branches extending from tubule to tubule. TJiese are 
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SO numerous that in suitaWv prepared sections the> may be said 
to look like the interlacmj* twigs of a thicket or the rootlets of 
plants m the soil Fig 123 pves a vci> good idea of the appear 
ance 

At the dento-cemental junction the tubules end m irregular 
anastomosing space whicli cause the appearance of the granular 
layer of Tomts (Fig 124) 

From a consideration of the preceding it ivjll be seen that it is 
usually not difBcult to determine whether a field of dentm seen 
under the microscope was taken from the crown or the root of a 
tooth The structural charatlenstics of the two regions maj be 
sninmanzed as follows In the croun, the tubules show both the 
primarN and tlic ®econdara cm\cs In t!it roof the tubules show 
only the secondary cur\ cs In the croicn the later il branches arc 
few and inconspicuous and the tubules branch m a cliaracrenstic 
way at the dento*enamcl junction In the roof the lateral branches 
arc \ery numerous tluroughout the length of the tubule and they 
end m the characteristic spaces of the granular layer of Tomes 

The Dentinal Fibnls — In life the dintinol tubules tre occupied 
by protoplasmic projections of tlie odontoblasts known as the 
dentinal fibrils or fibers of Tomes As the dentm matrix is formed 
and calcified under the influence of the odontoblasts a portion of 
their protoplasm is left m the tubules of the matrix as the dentinal 
fibril rinse structures were first described b% John Tomes who 
recogniicd their true character They maa be demonstrated in 
decalcified sections and they will be seen projecting from the 
odontoblasts when the pulp is remosed from a freshiv detracted 
tootli, by cracking it and picking the pulp out In this way a 
portion of the fibril is pulh d out of the tubules The fibrils w ill be 
considered more especially in connection with tlie pulp to which 
they properh belong 

In the author b opinion vcr\ little is positn ely know n about the 
contents of the dcntmal tubules While it is \i.ry apparent that in 
young forming dentm the tubules are filled be catoplaamic projec- 
tions of the odontoblasts it is bv no means certain that all of the 
tubules of the dentin in an old tooth are still occupied bi living 
cvtoplasm W hat the fate of the cy toplasnuc contents of the tubules 
is when secondarv dentin is formed is not known Several things 
are theoreticallv possible but there is little or no direct evidence 
on the matter 
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The Granular Layer of Tomes —The granular layer of Tomes is 
the outer layer of the dentin next to the cementum. The granular 
appearance is caused by irregular spaces in the dentin matrix vrhich 
connect with the ends of the dentinal tubules, and which are filled 
with protoplasm continuous with that of the fibrils. Tomes first 
called attention to this layer, and for this reason it bears his name. 

With magnifications of from 50 to 100 diameter it is easily seen 
in' ground sections, either longitudinal or transverse, and appears 
as a layer filled with little dark spots or granules, the spaces which 
have been filled ndth the debris of grinding It is separated from 
the cementum by a thin, clear layer, apparently of structureless 
dentin matrix, which is more apparent in higher magnifications. 
The granular layer is sometimes seen in the crown portion just 
under the enamel, but it is never as well marked in this position. 

The layer is seen in sections ground from freshlj^ extracted teeth 
as well as from old dry teeth, showing that these are true spaces 
and are not produced by the shrinkage of partially calcified dentin 
matrix Tomes called the spaces in the granular layer ''inter- 
globular spaces,” but this term should not be used, as the structures 
generally known as the interglobular spaces are different m location 
and character, and will be considered later. 

The granular layer is not seen in decalcified sections So far as 
the author is aware, no one has called attention to this fact before. 
In decalcified sections stained with hematoxjdin and eosin the 
position of the granular layer is always occupied by a clear layer 
vhich takes the stain in an entirely different way from the rest of 
the dentin matrix, and in whicli no indication of spaces can be 
seen While the fibrils in the tubules through most of the dentin 
take the hematoxjdin stain and can be easily seen, they cannot be 
followed into this clear layer, and no indication of protoplasmic 
contents of irregular spaces can be seen ^ 

Dr Skillen has worked out a method of demonstrating the 
granular layer of Tomes in decalcified sections which is reported in 
an article by Dr Ncirton G Thomas in the Denial Comos for 
June, 1020 

hlost authorities state that the spaces of the granular layer 
communicate vith the canaliculi of the cementum, as well as with 
the tubules of the dentin. This the author has been unable to 

‘ Tli(' 'ippc iriiiro of thp in clcwlcificd sections had led to some doubt in the 

ivntor mind to the intcnirctatioti of the character of the ln^ cr bv authors who 
h u o desenlx;d it . . ^ 

10 
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In the calcification of the dentin matrk the inorganic salts are 
combined wfith the organic matrbc in spherical areas Tvhich become 
united. The boundaries of these areas of uncalcified matrix are 



Fig 125 — X drawing showing a zone of interglobular spaces m fhe dentin. 

(Black.) 



Fig. 126 — Interglobular spaces m dcatin. (About CO X) 


therefore vcr>- irregular, and made up of concave facets where 
they join the spherical surfaces of the fully calcified matrix (Figs. 
12G and 127). A study of the illustrations and the appearance 
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of the Ia\ er of forming dentm next to the dental papilla of a de% el 
oping tooth « ill make this intelligible 
If the dentm n> dried the organic matrix m the&e areas gi\e3 up 



Fto (27— fDlergtabutar (paces m dentio Some empty some filled witbdebns 
(About 60 X) 
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\vai(T ;\n<i ^hrink^^. atuf flic ititcrgfolniiar ‘-pare> hecomc true 
‘jprK'e-s partiuliy filk-d vi it]i tho 5 hninken matrix. In this condition 
tlu’x can he with colored (ftllodion or any other material 

If, iio\vc\cr. tlicy arc 'studied in sections of teeth nhieli haxc tiexer 
keen allowed to dry, no space apptars, and the dentinal tnbtilcs 
eontijjue without chanpo of conn^e or diameter through the area. 
\\ Idle tliey arc, therefore, not empty ^pnee^ they arc areas of the 
organic hasi.'- of the dentin nliich are hounded hy glohular surfaces 
of the fully calcified matrix, aiul tlieir name is ])ro])erl\ significant. 

Z<uiC' of inferginhniar spatx's m.aj occur at anj jjortion of tlic 
dentin. < ithcr in tlic crown or root, hnt tlicy arc more common in 
the crown ami mar the cnaimd Often more than one rone ean he 
‘•ccn. :ts in h'tg. TiS. which shows two diNttirhancos in cidcification, 
ami di-turhaiicj'^ in tlic structure of tiie enamel will lie scon at 
corr<‘-jionding jio'itioiis 
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nnd certftin structures v,liith Imc \crj different me-inings have 
been called the “lines of Sclifcger” 

An arrest m the formation of dentin often occurs before the 
crown IS completed When the activity has begun again the 
dentinal tubules follow a slightl> different direction In a longi 
tudinal section tins clmngc m tlic direction of tJic tubules produces 
o Imc Several sucli lines maj be seen in a single section, though 
they arc bv no means to be found >n all hngJiadim] sections 

Schrcgcr's lines Imve been most often confuse<l n-ith zones of 
mterglobular spices, and thej sum to he iJenticai nith the mere- 
mental lines in the dentin described Ouen It is unfortunate 
that these names shouJiJ hate been used fota tfioughtful study of 
the tissue makes their interpretation per/tctlj, evident, and the} 
ore of no great significance 

Secondary Dentin —It is b} no means easj to define secondary 
dentm or to pick out an) parficu/ar piece of dentin in a section and 
to saj uhtUitr it is pnmarv orsetondar} In genemJ, the tubules 
are smaller fewer, and less tegufarh arranged in sccondarv than 
in prirnar} dentin In general, it seems Oiat tlie smaller the remain- 
der of the dental papilla: becomes, the more imperfect dentin it 
forms, until fiiiallv itsimph thronsdoun granuJarcaJcifiedmitenal 

The formation of dentm begins at the dentivonamc} junction 
at a number of points m each tootli, and progresses from uitliout 
inward (strange to saj, cwtl} the opposite statement has been 
made «iievcral times m papers bj vcp} prominent men) This 
matter w ill be taken up more m detail to the Chapters on Dental 
Embrjologv and Dentition It is enough to sav liere tnat m 
studjing all sections of dentin wliclher cut longiludmallv or trans 
vcrsel}, tlie formation of dentm began at the dento-enamcl junc- 
tion and the dcnto-ccmental junction and progressed toirard the 
pulp chamber 

From the stutlv of longitudinal and transverse sections it is 
apparent that a certain tvpical amount of dtntm w formed before 
tlie tooth 13 erupted and while it is coming into full occlusion 
Tins 13 pnmarv dentm In it the tubules are verj regular m size 
and arrangement From this time on the formation of dentm is 
intermittent, and apparentl} is tfic reiponse to some outside con 
djtion These conditions ma> arise m the tooth m which the forma- 
tion occurs or the irritation of one tooth ma} cause tissue formation 
in all or part of the others It has not been determined whether 
such refiex tropliic stimuli are confined to the same lateral a or 
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the same nerve distribution. Apparently the formation of dentin 
proceeds again, after a-pause, in all teeth It will seem, therefore, 
that the mere exposure of the entire crown to conditions of thermo- 
change produces sufficient stimulus to the pulp tissue to cause a 
renewal of dentin formation After the first period of rest the 
dentin formed in the second period is so nearly identical, and the 
direction of the tubules so nearly the same, that it is Usually impos- 
sible to recognize the junction except at a few points in the circum- 



Fig 130 — Secondary dentin A, margin of pnmary dentin, showing a few of the 
tubules contmuing into secondary dentm, P, pulp chamber. (About 80 X) 

ference of a transverse section After each period of rest, however, 
the difference in structure between the succeeding portions becomes 
more marked Fig. 130 shows an area from a longitudinal section 
when the line A was the pulpal wall of the dentm. There was 
probably a considerable period of rest, when for some reason a 
new formation of dentin was begun. But apparently only some 
of the odontoblasts took part in the new formation of dentin matrix, 
for not nearly all of the tubules are continued, and those that do 
continue show a sharp change m their direction and a difference 
in diameter and character (Figs. 131 and 132), 
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liicsc tlmrnUerjbtic tliniiRW in tlie stnicturc of tbc dentin that 
»3 fonnetl as the pulp Incomes smnlltr seem to the author of great 
practK \1 niijwtance 
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CHAPTEE XII. 

THE CEMENTUM. 

The cementum may be defined as a connective tissue whose 
intercellular substance is calcified and arranged in layers (lamellce) 
around tlie circumference of a tooth root, the cells being found 
m spaces (lacunai) irregularly placed in or between the layers. 

Structurally the cementum is more closely related to the sub- 
periosteal bone than any otlier tissue, the only differences being 
that in general the lacunre in bone are much more uniform in size, 
shape, arrangement of the canalicuh, and their position with refer- 
ence to the lamellte than those in cementum. In bone the lacume are 
usually found between the lamellie In cementum the lacunae may 
be between the lamellae, but they are more often enclosed within 
their substance and they are found most often where the lamellae 
are thick. 

Some n riters have described Haversian canals in the cementum, 
but the author has never seen anything that could properly be called 
an Haversian canal in the cementum from human teeth. Canals 
containing bloodvessels are not uncommon, but in these the lamellae 
arc nc\ er arranged concentrically around the canal, as they are in 
ira\crsian systems For the last fifteen years the author has had 
under personal cb.'^ervation each .a ear, in the course of class work, 
not less than 200 longitudinal sections, and 300 transverse sec- 
tions of the root, ground from human teeth, and in that time 
he has nc\cr seen what could be called an Haversian canal. In 
the same time he has examined many hundreds of sections cut 
through the decalcified jaws of \arious mammals, including the 
.sheep, pig, cat, and dog, with the same negatn c result 

Function — The function of the cementum is to attach to the 
tooth the connectii c-tissue fibers wliich hold it in position and 
support the .surrounding tissues. 

'J’he formation of cementum begins as soon as the tooth begins 
to eru])t, and continues, at least intcrmittenth', as long as the 
tnruli remains in place, whether it contains a li\c pulp or not 

'J'he function of the cementum cannot be too strongly empha- 

( 153 ) 
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sized, *ind must be contmuaJlj borne in mmd If, for any reason, 
the tissues are detached from the surface of the root, thev can on}> 
be reattached by the formation of a new ]a\er of eenjentum on the 
surface of the root, nhicli tvjM embed the surrounding connective 
tissue fibers In order to accomplish this the tissues must lie in 
phvsiologic contact with the surface of the root, and the connective- 
tissue cells must be activ ely functional 

That the tissues maj be reattadied to the surface of a root is 
both theoietvcally possible and rfimcnlly demonstrable but for 
it to occur biological Ians must be observed and the conditions are 
very difficult to control especially with the old methods involving 
the excessive use of strong antiseptics It is well to remember 
‘ that a dentist can never cure a suppurating pocket along the side 
of a tooth root " but if the conditions can be controlled the tells 
of the tissue may form a new lajer of cementum reattaching the 
tissues and so close the pocket It is a biological problem, not a 
matter of drugs, except as they are a means of producing celluhr 
reaction 

In Mew of Its function therefore the cementum becomes not the 
least but the most important of the dental tissues for no matter 
how perfect the crown ma} be without firm attacliment the tooth 
becomes useless and is soon lost 

Histogenesis — The cementum is formed bj connective-tissue 
cells lying between the fibers of the tissue winch clothes the surface 
of the root and which becomes specialized for tins function Their 
origin IS undoubtcdi> similar to tliat of the osteoblasts but they 
are not osteoblasts either morphological!} or functional!}, as vrill 
be seen later in the study of the peridental membrane, where the 
cementoblasts and the formation of cementum will be considered 

Structural Elements — Tbe structural elements of the cementum 
are 

1 The lamell'e 

2 The lacunie and canalicuii 

3 The cement corpuscles 

4 The embedded fibers of tlie peridental membrane 

The Lamelte of the Cemeotam and Their Arrangenient ^TJie 
lamellie of tiie cementum resemble those of bone but thev are v er} 
much more irregular botli m thickness and appearance Tliev 
ma} be extremelv thin and almost transparent or the} ma} be 
quite thick and coarselv granular Tlie} are not nearl} as c^sil} 
observed as those of bone for in bone the lamellic are marked on 
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by the lacuxicB which lie between them, while in cementum the 
lacunse may be entirely absent, and when present are irregularly 
placed. 



Fig 133 — Hypertrophy of the cementum on tlic side of the root of a lower molar 
near the neck of the tooth From a IcnRthvMse section human, a, dentm, b, cementum, 
c, fibers of peridental membrane From b to c the cementum is normal and the 
incremental lines fairly rcRuhr, but at cl one of the laniellm is greatly thickened 
At c this lamella is seen to be about equal in thickness with the otliers The ne\t 
two lamelte are thin oicr the greatest prominence, but one is much thickened at p, 
and both at /i These latter seem to partially fill the lallejs which were occasioned 
by the first irregular growth (1 in obj ) 

In the gingival portion of the root the lamellaj are always thin 
and very transparent, and lacuna; are seldom seen. The entire 
thickness of tlic tissue is transparent, and the appearance of tlie 



I'm 1 ?! — H\p('rtroph\ from root of cuspid human, imrlnch the irroguhnty is 
confinf-d to the first htnella o, dentm, 6, tliicl ened first lamella , c, subsequent 
! mil I! p, which arc ‘•e<n to lie fairlj regular (1 in obj.) 


Ininolhc can he seen only by using a \ cry small diapliragm or oblique 
illuniinttllon In thi'^ pn^iion the tissue is largely made up of 
embetided connecti\ c-tisMie fibers, vhicli are, howeter, so perfeetK 
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calcified that thei cannot be demonstrated m ground sections 
In decalcified sections thej are \crj easilj seen 
The cementum becomes gradually thicker m the middle third 
of the root, and is thickest m the apical third It will be seen that 
this increase in thickness is caused chiefli by the greater thickness 
of each individual lamella In longitudinal sections the cementum 



Ffo I3S —Apex et root o( an upper Incu ptd tooth with irroeutarly developed 
ccraenium a a denim b b pulp eooatr Tbo lamellar of ce/nentum are marked 
123466789 d d d aboorptioo arvos that have been refilled with eemen 
turn It will be aoen that the apieeiof (be roots weie ontonally separate but became 
fused with the deposit of the second lamells of cementum and that in this the trreii; 
ular growth began and was most prooouoced It has continued through the subec- 
Quent lamellae bul lo less degree It Mill also be noticed that the abeorplion amu 
d d d hare proceeded from certam lamell* That between Iho trxila has broken 
llirough the first Uinella and pcnctrotrd tlie dentm and has been filled with the 
deposit of a second lamella Other of the alisorptions ha>e pioceedcd from lamella 
wluch can be readily made out. The small points e seem to ha\e been filled with 
the deposit of the last lijcr of Iho eemeotuiD while others ba»e on two or more 
la} era covering tl cm (2 m obj) 

13 often found becoming suddenly thicker at a certain point, and if 
etflmincd closch it mil bt seen ifiateicJi laverwcontinuciIapicalJv, 
but with greater tliickness Fig 135 illustrates tins condition near 
the npc.t of the root From a studv of the InmellT therefore it 
13 app'vrent tint the entire root is cloUiod with successive lavcrs 
and tint tlicsc lavcrs are formed mtcrmittentlv but continue to 
be formed as long as the tooth is in position In a general wav tlie 
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number of layers is an index to the age of the person at the time 
the tooth was extracted (Figs 136 and 137) The rate of formation 
IS not uniform, for instance, a number of layers may be formed 
within a short time, and again; a considerable time may elapse 
between the formation of one layer and the next The time, however, 
does not seem to determine the thickness of the layer. 

If a considerable number of teeth of persons of twenty years of 
age were sectioned, the lamellae counted, and this number compared 
with the number found in teeth extracted from persons of forty. 



Fig 136 — transverse section of a root extracted from a young person The 
cemontum is thin, but is thicker in the grooves on the proximal sides 


a fairly regular increase in the number of layers will be noticed, and 
so on, for fifty, sixty, seventy, or eighty years 

It IS important to remember in connection with this formation 
of cementum that tlie teeth move, more or less, under tlie influence 
of natural forces throughout life, and that every slight change 
in position must be accomplished by the formation of a new layer 
of cementum, to reattach connective-tissue fibers in new positions 
or adjust them to new directions of strain. 

The firot layer of cementum is formed while the tooth is still in 
its cr^'pt, but apparently no connective-tissue fibers are calcified 
into it, This forms the first apparently clear and structureless 
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Ia>er vihich lies ne\t to the granular Ja^er of Tomes (Fig 138) 
Even in the teeth the entire length of nhose roots are formed 
before tliey begin to erupt there jj, no attachment until «ome stress 
tomes upon the crowm The tooth is King loose m its tr^pt and can 
be pithed out with very little forc?e Bicuspids are often accident- 
ally extracted in the extraction of temporarj molars As soon as 



Fic 137 — Atranaieise cc(i n ol a mol from aq Id person Tli to l hncl rarned 
a croon for mmy j<ar8 The sccti d was era ked and one e igfs broken 


the tooth comes through thofjumanen la^erof cemtntum is formed 
over the entire root att ithmg the fibers to its surface and as the 
tooth moves occlusdiv liver after liver is form«l This will be 
considered igiin in connection with the pendentil membrane 
The Lacunas and Canalicuh — ^The licunie of the cementum cor 
respond with the iacunie of bone differ from those of bone, 
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however, in that they are more irregular in shape, size, position, 
and relation to the lamellae, and in the number and direction of the 
canaliculi radiating from them In bone the lacunae are fairly 
regular in shape, the long diameter exceeding the short diameter 
by about one-third. Sections cut through their long axis give an 
oval outline, the length of which is about three times as great as 
the width Sections cut through their short axis give an oval 
outline, the long diameter being about twice that of the short. 
The spaces are therefore flattened between the lamellae. In 


V. 


Fig 13S — Cementum near the apex of the root GT, granular layer of Tomes, 
L, lacuna, B, point at which fibers were cut off and reattached (About 54 X) 



cementum there is no regularity whatever, either in size or in shape. 
Some are a little larger than the lacunae in bone, some are very much 
smaller. They may be almost exactly the shape of tj^ncal bone 
lacuna or they may be distorted into almost any form, sometimes 
being almost stellate, often pear-shaped, sometimes round, and 
occasionally pyramidal The lacunae of bone are fairly uniformly 
placed, and he between one lamella and the next ^ There is no 


* correct, there being much more irregularity in the arrange- 

ment of the lacume m thick subperiosteal bone than in either cancellous or Haversian 
g^stem bone To be stnctly accurate, the above statement must be hmited to 
Haversian system bone (Plate XIII), 
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reguknt> in tlie relation ot tlie lacuna; of the cementum to tlie 
lameltiL Thej sometimes he betneen one lamella ami the next, 
but tliej ore more often entirtb in the substance of one Tbej 
occur onl> where tlie lamclift nrc thick, and tlicre ma> be large 
areas with considerable aggregate thickness of cementum m which 
there are no lacuna; at all 

The number and direction of the canaheuh whicfi radnte from 
tlie lacunie of cementum is extremely irregular, but in general 
there nrc more extending from the lacunre toward the surface than 
toward the dentin 

The Cement Cotjiuaclea — The cement corjiusclcs correspond 
exactly to bone corpuscles Thej are tJie cells found m the lactin® 
These are simpl> embedded ccmcntoblasts and arc tjpical connec- 
ts c-tissiic cells rhc> are made up of granular cjlnplasm and 
contain n famtlj staining nucleus I xtensions of the protoplasm 
undoubtedU extend into the cnnaliculi llicsc colls boar the same 
relation to the matrix of the cementum tlmt bone corpuscles do to 
that of bone ^^hat this is, is not knowai m onj definite xion, hut 
it IS known tliat when bone corpuscles arc killed or die, the matrix 
becomes a foreign bod) , and ts citficr absorbed or cut off from the 
portion m which the corpuscles Me h\mg to be absorbed or cast 
out as a sequestrum The same conditions arc true of cementum 
Tor instance, tlierc arc man> cement corpuscles in tlie lacun-e m the 
region of the apex of the root H this portion be bathed in pus for 
a long time, the cement corpuscles ore killed, and the tis ue becomes 
saturated with poisonous materials, so that tissue cells cannot he 
m contact witli it and live In order to restore a health) condition 
the necrosed cementum must be rerooacil meclianicnlh until tissue 
IS readied witli which cells maj he m ph) siological contact wathout 
injurj Conditions which can on!) I>e understood tlirough a know) 
edge of tlie structure of the tissue often arise in connection with the 
treatment of aUeolar abscess It should alwa)s be remembered 
that the treatment of an abscess is a biologicol problem 

The Embedded Fibers ol the Fendental Membrane — The embedded 
fibers of the peridental membrane are m the strictest sense com 
parable with the fibers of Sharpe m bone The) are, however, m 
many places much more perfectly calcified To appreciate the 
irelation of tlie embedded fibers to the matrix, the tissue must be 
studied both in ground hnd decalcified sections Tor instance, m 
the gingival portion from the studj of ground sections, the 
of embedded fibers would never be suspected, but if decalcifiea 
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ections are studied it will be found to be almost entirely composed 
f calcified fibers In the middle and apical thirds of the root, 
/here the lamella are thicker, the calcification of these fibers is 
iften not as perfect as that of the rest of the matrix In the prepara- 
lon of ground sections, therefore, the imperfectly calcified fibers 



Fig 139 — Two fields of cementum showing penetrating fibers GT, granular layer of 
Tomes, C, cementum not showing fibers, F, penetrating fibers (About SI X) 


shrmk and consequently appear as canals in the cementum. In 
fact, they have often been mistaken for canals They are usually 
not seen unless the section happens to cut in their direction These 
will be seen in many of the illustrations of cementum In Fig 138 
several layers are seen next to the dentin, in which no fibers appear, 
11 
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then in se\eral lajers the fibers are piiml^ seen and finally, the 
surface laj ers show no fibers This probablv means fhat before 
and after tiiese h\ ers n ere formed tliere tv as a change in the position 



FlO 140 —Ilecord 111 th« cilcifiod tissue of an abtorptioo rep^utd D deotm 
Cm cementuta miinc absorption cavity (About 40 X) 


of the tooth and tlie fibers n ere all cut off in this area and reattached 
in a new direction, adapting tliem to tlic new directions of strain 



Fio 141 —Thick lamella* of cementum with many lacunas filling an abso^tion in 
dentm L lacun® // Ilowship s iacunte filled D dentin (About 250 X; 

|t IS often necessary to studj ground sections t erj eloselj to deter 
mine 'ahether certain appearances are embedded fibers or canaheuu 
radiating from the lacvince The appearance of these fibers should 
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be studied in Fig. 139. It should be noted that wherever special 
stress IS exerted upon a bundle of fibers the cementum is thick 
around them. This may be seen in decalcified sections in Figs. 204, 
231 and Plate XVII and in ground sections in Figs. 138 and 139 
When the next layer is formed, if the fibers are cut off, the additional 
thickness of the last layer is removed. The unequal thickness of 
the last formed layer is not usually seen in the layers beneath it 
to as great an extent. 

Absorption and Repair of the Cementum. — ^From what has already 
been said about the cementum, it will be understood that this tissue 
IS continually undergoing changes, that new layers are being added, 
and that often before an addition is made there is absorption 
enough of it at least to cut off the fibers. When an absorption 
occurs on the side of a root which cuts into'the dentin, the excava- 
tion in the dentin may be filled by the cementum subsequently 
formed (Figs. 140 and 141). From a study of ground sections in 
class work such absorptions are not uncommon They probably 
occur when the cusps first come into occlusion in eruption. 
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DENTAL PULP 

Definition — ^The dental pulp may be defined as the connective 
tissue occupying the central ca\ity of the dentin 

It 13 composed of embryonal connective tissue vihich is more 
closely related to the tissue occupying the spaces of cancellous 
bone than to anv other 

Functions — The functions of the dental pulp are 

1 A V ital function, the formation of dentin 

2 A scnsorv function responding to thermal and chemical change 
and traumatic irritation 

Vital Function— The vital function is the formation of dentm 
and 18 performed by the layer of odontoblasts These cells aU 
bv means of their dentinal fibrils, maintain the same relation to the 
dentm matriv thattlie bone and cement corpuscles bear to the matrix 
of bone and cementum Wlien the pulp is reinov cd from a tooth its 
dentm become-j (1< ad dentm m the same sense tliat bone m vrhich 
the bone corpuscles ha\ « lieen killed is necrosed bone That there 
13 a constant reaction between the protoplasm of the odontoblasts 
and tlie substance of the dentm matrix, or that the presence of the 
h\ mg protoplasm is neecssarv to prev ent degeneration of the matrix 
IS e\ ulcncefl b\ the clianges in tlie phy sical properties of the dentin 
after the pulp has been lost That the tooth remains functional 
after the loss of the pulp is due to the fact that except at the minute 
foramina the dentin is not m phvsiologic contact with any tissue 
excepting enamel and cementum, and that the cementum attaches 
the tooth to the surrounding tissues, receiving its nourishment 
from the surface and not from the dentin 

When the pulp is remov cd and its place filled b\ a non irritating 
material the dentm becomes entirely encased in cementum 6 
foramina probabh being covered over as the subsequent lame $ 
are formed Ihe author wishes to emphasize however, the vi 
relations of the pulp to the dentm matrix Dead dentm is neur 
as good as living dentm, consequently a tooth from which the p P 
has been remov td can ne\ er be considered just as good as one wi 
the liv mg pulp 
(164) 
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The production of the dentin matrix is, of course, tlie principal 
part of the vital function of the pulp. It is begun in the develop- 
ment of the tooth before the dental papilla is converted into the 
dental pulp, by being enclosed in the dentin formed. After the 
tooth is fully formed the pulp retains its ability to build dentin 
matrix as long as it retains vitality, but this function is exercised 
only in response to conditions of environment whidi are probably 
excited through tlie intervention of its sensory function responding 
to thermal change and chemical irritation. The sensory function 
causes a trophic impulse which is manifested by tlie production of 
another portion of dentin matrix reducing the size of the pulp 
chamber. That this is a reflex and not purely a local matter is 
indicated by the fact that formations of dentin occur in one tooth 
when the irritation is m another, and apparently the irritation of 
one tooth will excite dentin formation in all of the teeth on that 
side, at least in some instances On the other hand, purely local 
responses are found where a few odontoblasts respond to the irrita- 
tion of then fibrils by the formation of dentin. 

This matter has been referred to under the heading of Secondary 
Dentin, and it is best studied by the record it leaves in the formed 
tissue. 

The Sensory Fnnciion . — In regard to sensation, the pulp resembles 
an internal organ, as in its normal condition it is always enclosed 
in the cavity of the dentin. It has no sense of touch or localization, 
and responds to stimuli only by sensations of pain. The pain is 
usually located correctly witli reference to the median line, but 
apart from that it is located only as it is referred to some knowm 
lesion. If several pulps were exposed on the same side of the mouth, 
and in teeth of both the upper and lower arches, so that tliey could 
be irritated without impressions reaching tlie peridental membrane, 
if the patient were blindfolded it would be impossible for him to 
tell which of the pulps was touched. This characteristic becomes 
extremely important in diagnosis. 

The pain originating from a tootli pulp may be referred to the 
wrong tooth or to almost any point on tlie same side supplied by 
the fifth cranial ncr\ e 

Tlie dental pulp is especially sensitive to changes in temperature, 
amounting almost to a temperature sense, having no exact parallel 
in any otlier tissue of the body. This docs not amount to a recogni- 
tion of heat or cold as such, but a special resentment to sudden 
changes. For instance, if a tooth is isolated and so protected by 
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non-con<luctor3 tJmt l)jc aoft (whim cnnnot l>c stimulated and a 
jet nf hot nnd then cold «ntcr be throuri ujwn its cro’\ii il wiJI 
rcsjMjml to inth wiili « sharp seimtion of pim, hut the patie-it 
cnriiiot tel) uhirh is !iot and » c<>M jt is the5ndden<!ianj^ 
timt pn»ducii the naitioo Ihu w the Imis of \fr\ iroiwrtant 
liifft ri ntml chHi.iio-ii3 for ns is true with most orRans, in patliolnjic 
wjuhtinii-, Its 5iiiMir> fnnetfon is cxnRRcrotaf 

Histogenesis I1ic dtittal pulp is the rr/nnins of tfie dents] 
pjipilln tilt ihiifal papilla, for the (cmpomf> teeth appearing n 
tJic mesiHji rnijil tiism of tb< jin arclics \m cafl\ m feta! life 
Die relhilnr liriniiits are at first str) cIo<cl> placctl and ftrge 
but tins prow smnihr nnd take on the tipicnJ form of pulp ceils 
ns the iiitinsDidar sidistance is mcreftseil Hv tlie sixtcenUi vetk 
Uic diiitid pipillii for tin tfrfi{>orar> testh arc coscrcsl h> a l3\fr 
of tail lolniininritils nfiuh ndlbcRin the formation of dentmaloiit 
that tini« \ft<r t]i< iHpiinmp of dentin formation die tmnsi 
tioii from (h« di iiin) papdhi to (he dental pulp is vm pradush end 
it %\uiiid Ik iiii(>ossihlc to drau an> sltarp hue of demarestKiQ 
hctVMin tliLin 

Structvual Elejneois — I he sinictuml elements of die denld 
pulp an 

1 Oih lltoh} ists 

2 ( oillltn llM llH'ilK Cllls 

1 liitf rcdlulur "uhstAnce 

4 Hioodll'iMl 

o Nersis 

0 1 MnphalK stvds 

The OdontabUsis Hm sMhmtohInsla are tall columnar celb 
winch form ()n oiiti r la^cr of the pulp adjacent to die tkntio aod 
from wlmli (Mo{daMmi hhrils txtend into (he dentinal tubules. 

1 ho t li irm ti r af tin uiiuiitoliiosts cliangcs s erj greatlj with the 
oge of till, ti 111 and tlw. nctiMtv of denim formation \MiiIe the 
pnman iliiitin heinf, foriucd (Ikn arc tall columnar cells, eae 
containing a large ovid niiihus Mcli in cliromalin and located m 
die pulp d tliird of tin cell I rom thedentiinlcndof tlie cello to- 

plasra IS tontmiied without hue of demarcation, into the den 

tma! tulniic as tin linituinl fibril In some instances two fib s 
maj be sent from a single odontoblast The charactw o e 

odontoblast I^ la lutifiiHs seen in I ig H2 a photograph bj Pro 

Rose f j tin 

After the toolli is erupted but whilt. die fonnotion o c|| 

13 activelj going on the odontoldasts while somewhat sm 
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Fig 142 — Odontoblasts and forming dentin B, forming enamel , forming dentin, 
0, odontoblasts, Dp, body of dental papilla (From photomicrograph by Rose ) 



Fig 143 — Odontoblasts The section cuts obliquely through the odontoblasts. 
F, fibrils, B, nuclei of odontoblasts, lY', nuclei of connective-tissue cells, TF, layer 
of Weil, not ■aell shown (About 80 X) 
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retain the same typical appearance Thc> may be easily demon 
strated either in decalcified sections or by removing pulps from the 
pulp chamber of freshly extracted teeth Professor Salter has 



Ftci 144 —Dia- 
gram of odonto- 
blasts and dentinal 
fibnia (C II Sto- 
welL) 


described too sets of processes besides (Fig 
144) the dcntuial fibril process As a result of 
teasing the fresh pulps, he considered that fine 
projections of the cytoplasm extended from 
the sides of the cells uniting them to the ad 
joining odontoblasts (Fig 144) These he 
called the lateral processes He also described 
cytoplasmic projections from the pulpal end of 
the odontoblasts into the lajer of ^^ell It is 
probable that th«e appearances were the result 
of teasing, and are not true structural cbarac 
tenstics, as the nork of other im estigators has 
not confirmed their presence It is easj to 
understand hoa teasing the cells apart might 
produce appearances which might be interpreted 
as processes, but careful tvork upon sections 
does not show their presence 
In old pulps where the formation of dentin 
has been intermittent and very infrequent for 
a long tunc, the odontoblasts are smaller, lo^e 
their columnar form more or less, and become 
pear-shaped or globular 
As dentin is one of the most highly specialized 
connective tissues, the odontoblasts are among 

the most highly differentiated connective-tissue 
cells They are the only connective tissue cells 
of columnar form Morphologicallj , thej are 
ver) similar to columnar epithehum but epi 
tfaelial cells never have such processes as the 
dentinal fibrils Occasionallj, in joung an 
actively growing bone, osteoblasts are foun 
which are distinctly columnar in form but thev 
are never as tall as the odontoblasts and t e 
nucleus is more nearly in the center of the ce 
In the case of the osteoblast the cjioplasmm 
processes which extend into the canahculi »r 
respond to the dentinal fibril process o ® 
odontoblast The homologies between 
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osteoblasts and the odontoblasts have often been lost sight of 
in the discussions over the character of the latter and their relation 
to the formation and sensitiveness of the dentin. 

The Membrana Eboris — The odontoblasts form a single layer of 
cells on the surface of the pulp in contact with the dentin. This 
layer was very early recognized to be related to the formation of 
the dentin, and was called the membrana eboris, or the membrane 
of the ivory. The name has no importance now except as it is found 
m the literature. 

Size of the Odx)ntoblasts . — From what has been said it will be 
recogmzed that the size and shape of the odontoblasts vary greatly 
in different sections This is true not only of pulps from different 
animals, and pulps at different periods of development, but of 
different parts of the same pulp In the coronal portion of a pulp 
from a fully developed tooth, but one in which the formation of 
dentin is stdl going on, the average measurements would be about 
5/i in diameter and 25 to 30^ in height During early stages of 
dentin formation, before the crown is fully formed, they are con- 
siderably larger and taller, and in the pulps of a calf they are much 
larger than in smaller animals and man. In a constricted pulp, 
as, for instance, in the mesial root of a lower first molar, the odonto- 
blasts on the constricted sides will be shorter and relatively thicker 
than on the buccal and Imgual, where the long axis of. the cell is 
m the direction of the long diameter of the pulp, but this simply 
means that the formation of dentin on the constricted side is rela- 
tively farther advanced than on the buccal and lingual, and the 
cells show older phases It is evident that the supply of nourish- 
ment to the cells in the constricted portions is more imperfect, 
and that the ones farthest from the main vessels are most affected, 
so that dentin formation is slowed and made more imperfect here, 
while it still contmues in full vigor around the expanded portions 
of the pulp. This has been spoken of in connection with the study 
of the dentin (see Figs, 131 and 132). 

Origin of the Odontoblasts —The odontoblasts are specialized 
connective-tissue cells. It is therefore to be expected that they 
should be formed from undifferentiated connective-tissue cells, as 
osteoblasts are formed from similar cells of the inner layer of the 
periosteum and embryonal cells of the tissue filling the cancellous 
and marrow spaces The odontoblasts are therefore developed 
from embryonal cells deeper in the pulp which take their place 
in the odontoblastic layer. This probably explains the appearance 
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of some sections, and also the author belie\es, the views of some 
men m regard to the odontoblasts and the dentinal fibrils In some 
sections from old pulps tlie odontoblasts seem to be m an incomplete 
lajer, and their form is more like that of topical connective-tissue 
cells 

In considermg the origin of the odontoblasts it should be noted 
That in the first differentiation of these cells m the embrjo The\ 
appear first where epidermal cells (inner tunic of the enamel organ) 
are in contact w ith mesodermal cells (the outer layer of the dental 
papilla) This is true m the formation of the entire length of the 
root^ — the enamel organ — extending on down the dental papilla 
bejond the point where enamel formation stops (See Chapter 
WVI) The author believes that the meaning and importance of 
this relationship has not >et been grasped 

Connective tissue Cells — The cells in the dental pulp, aside from 
the odontoblasts, are typical connective-tissue cells such as are 
found m embrjonal tissue They are of three forms— round, 
spindle-shaped and stellate In the crown or bulbous portion the 
cells are mostlj stellate, while m the root portion thej are largely 
spindle-shaped, w ith the atis of the spindle parallel with the canal 
It seems difficult for students to get an idea of their arrangement 
and the nucleus is often mistaken for the entire cell The cells do 
not he in contact m a compact tissue but are widelj scattered m 
the intercellular substance There is a small ovoid nucleus, which 
takes the stain deeplj surrounded by a mass of granular cj'toplasm 
stretching awaj into very fine threads In the spindle shaped cells 
the cj'toplasm is stretched out in only two directions In the stellate 
cells there maj be three, four, or more, stretching awaj in anj direc- 
tion Plate I\ was verj carcfullj drawn with the camera lucida 
«!o as to represent accuratelv the number size, and position of the 
cells in that field as seen with the oil immersion It is very 
difficult in a drawing to represent the third dimension of space 
and to show that some of the processes are extending in a plane 
at right angles to the paper An idea of tins can onlj be obtained 
b> the verj careful use of the fine adjustment while studjmg the 
cells with the high power 

The round cells are probablj white blood corpuscles or undiffer 
cntiated connective-tissue cells which may develop either into stel 
late or spindle-shaped 

The Irrangement of the Cells — ^Immediately beneath the lajer 
of odontoblasts, for a space about one-half or two-thirds as wide 



PLATE IX 



A Field from the Coronal Portion of the Pulp from 
a Human Molar 

In the corner the stage micrometer shows of a millimeter drawn 
with the same lens The field shows the branching of a bloodvessel and 
the connective-tissue cells of the pulp Drawn from oil-immersion 
lens with camera lueida (About 1200 X ) 
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as the odontoblastic layer, the cells are very scarce, making a clear 
line in many sections. This is known as the layer of Weil, and 
contains many fine nerve fibers which are not stained by ordinary 
methods. Beyond the layer of Weil for a space perhaps twice as 
wide as the height of the odontoblasts, the cells are very closely 
placed. Through the remainder of the pulp they are much more 
widely but comparatively evenly scattered. 

The Intercellular Substance. — Yery little is really known about 
the character of the intercellular substance of the pulp It contains 
few fibers, and these in no way resemble bundles of white or elastic 
connective tissue. The appearance in the section is more as if a 
structureless gelatinous material hadbeen coagulated by the reagents. 

There are, of course, connective-tissue fibers in connection with 
the walls of tlie larger bloodvessels and nerves, and to a certain 
extent in the gelatinous material. In studying the intercellular 
substance in the sections it is necessary to remember that it is 
filled with the protoplasmic projections from the cells, and these 
are stained, appearing like fibers in the matrix. There is need for 
further investigation of the character of the intercellular substance. 

The Bloodvessels. — ^The dental pulp is an extremely vascular tissue, 
and the arrangement of the vessels, the structure of their walls, 
and the nature of the intercellular substance through which they 
run render the tissue especially susceptible to the pathological 
conditions which are associated with alterations in the circulation. 

Usually several arterial vessels enter the pulp through foramina 
in the region of the apex. These vessels have their origin in the rich 
vascular network of the cancellous bone (chapter on Peridental 
Membrane). The arteries follow the central portion of the pulp, 
giving off many branches as they pass occlusally, and finally form 
a very rich plexus of capillaries near the surface of the pulp From 
tliese capillaries the blood is collected into the veins, which follow 
courses parallel to the arteries, leaving the pulp through the same 
foramina in the region of the apex. It is important to notice that 
an artery is entering and a vein leaving the tissue through very 
minute canals in the calcified dentin (Fig. 145) Dr. Stowell has 
made a very beautiful diagram of the arrangement of the blood- 
vessels in a single-rooted tootli, which is shomi m Plate X. Prep- 
c^ations such as would reproduce tliis diagram can be made by 
injecting the bloodvessels with an inert material and destroying 
the soft tissues by artificial digestion. 
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The largest arteries show only a few muscle fibers in the mecfia 
and a very slight condensation of fibrous tissue for an adventitia. 
There is no distinct boundary between the capillaries and the veins, 
and the vessels continue to have only a wall of endothelial cells 
after they have reached a size much greater than that of capillaries. 
Because of this peculiarity of structiue the statement is to be found 
in many text-books of histology that the largest capillaries in the 
body are found in the dental pulp. These vessels should probably 
not be considered as capillaries, but as veins whose walls have the 
structure of capillaries Even in the largest veins the media is very 



Fig 140 — Dentil pulp showng bloodvessel loops extending to the periphery, close 
to the layer of odontoblasts 

imperfect, and there is only a slight condensation of fibrous tissue 
to represent the adventitia. This peculiarity of the bloodvessel 
walls in tlie pulp renders the tissue peculiarly susceptible to hyper- 
emia and inflammation. 

Fig 147 is a photograph of a bloodvessel whose size can be 
estimated from the number of red corpuscles seen in it, and the 
wall is made up of a single layer of endothelial cells. There is no 
indication of either media or adventitia The intercellular substance 
of the pulp being of gelatinous, semifluid character, gives no support 
to these delicate walls. 
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In Plate I\ the author has drann ^cr\ carefully, with the 
CTTOern lucidn, using a iV immersion lens n field showing the branch 
mg of n small l)loo<l\ ( ssel T he sircof the cndothclnl cells, position 
of their nuclei in the wall of the \csse!, and the size, position and 
shape of the conncctu c-tissne cells, arc rcprcscntecl as accurately 
as po'ssiblc The field is from the coronal portion of the pulp of a 
hum'in molar Phe calihcr of sucli ti vessel ns tins would depend 



almost entireh upon the blood pressure Tlie endothelial ce s 
will stretch to a very considerable extent under increased 
becoming v erv tliin at all points except around tlie nucleus 
the pressure is decreased the contractility of tlie cj toplasm pu 
the cells together making it tluckcr and less m diameter 
very important to remember these facts m connection 'T^n 
emia of the dental pulp It is difficult in such an lUus 
to give any representation of the third dimension of space, w 




PLATE KI 



{ 


A Field from the Pulp of an Unerupied Tooth of a Sheep 

T lu. blood ve'-scK .no cut tnn&vers.eK (About lOOO > ) 
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is essential to a real understanding of the connective-tissue cells 
of the pulp. These are bits of cytoplasm with a nucleus forming 
a small, irregular central mass, from wliich the cj-toplasm is stretched 
away m all directions through the intercellular substance, ending 
in very fine threads. 

Plate XI is dravm in the same way from a transverse section of 
the pulp of an unerupted tooth of a sheep. The vessels are all 
cut transversely and are seen crowded vnth red blood corpuscles. 
They are not distended, and some show slight condensation of fibrous 
tissue around them. 

In a normal pulp there are many capillaries so small that a single 
corpuscle passes them with difiiculty, but in pathologic conditions 
they become distended to many times their normal diameter 

Lymphatics of the Dental Pulp. — ^It was for a long time believed 
that the dental pulp contained no lymphatic vessels In 1907-1909, 
Schweitixer succeeded in injecting Ijnnphatic vessels in the pulp.^ 
In 1916-1917 Dr. K Dewey and the author repeated the work of 
Schweitzer m the Histological Laboratory of the College of Dentistry 
University of Illinois, and also succeeded in injeeting the lymphatic 
glands of the neck in dogs by injections m the dental pulp - 



Fiq 148 

Fig Ids shows a poition of the pulp of a young dog. The blood- 
vessels aie injected vntii gelatin carmin, the hmiphatics with Berlin 
blue. ^ cry fine vessels were found close to the surface of the 
dentin (lig. 149) From these capillaries vessels pass through the 

■Sch^oitrcr Uel cr die lymph pefasbc dcs Zihnflcisebes und dor ZUmo beim 
Momclici, und 1,0. Saupot iiercn. Arclnv f M,cr. Anet . 1907. p S07. 1909 n 2^ 

19l^m^^3^ 4i r f Cosmo; voi lit, 

I. pp n-9 1184’ ' American Medical Association. Qct 12-1918, vol 
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The Nerves of the Dental Pulp. — ^Few subjects in connection with 
dental histology have received more attention than the distribu- 
tion of the nerves of the dental pulp, especially in relation to the 
sensitiveness of the dentin.^ 

For fifteen years or more Dr. Howard Mummery has been doing 
work on the distribution of the nerves of the dental pulps He has 
described nerve-end-cells lying between the odontoblasts at their 
pulpal end, from which neuro-fibrils extend through the layer of 
odontoblasts and enter the dentinal tubules with the fibers of Tomes. 
According to his description these cells form true sensory neurons the 
axon of which extend throughout the dentin in the dentinal tubules, 
their dendrons connecting with the terminal fibrils of the axons 
entering the pulp through the apical foramina He considers the 
odontoblasts as the builders of the dentin matrix, or at least the 
calcification of it, and the nerve-end-cells to perform the sensory 
functions formerly ascribed to the odontoblasts and their fibrils. 

Support for almost any idea can be found in the literature, 
but many of the conditions described have been shown to be 
errors in microscopic interpretation, and many others have failed 
to receive support by reinvestigation. The most recent work in this 
country upon this subject was done fifteen or twenty years ago 
by Prof Carl Huber, of Ann Arbor. The author has repeated 
some of his work, and has never seen any specimen that was con- 
tradictory to his statements Usually three or four nerve trunks 
enter the dental pulp through the foramina These contain from 
eight or ten to thirty or forty meduilated nerve fibers They pass 
occlusally through the central portion of the pulp, but almost 
immediately begin to give off branches, which pass toward the 
periphery, branching and anastomosing in their course Most of 
the fibers lose their medullary sheath very soon after leaving the 
nerve trunk, proceeding as beaded fibers, made up of an axis 
cylinder with nuclei scattered along it. A bundle of such fibers, 
breaking up to be distributed to one horn of the pulp, is shown in 
Fig 151 Otlier fibers retain their medullary sheath, following an 
independent course through the pulp tissue, until they reach the 
layer of Weil, where the sheath is lost and they join the plexus 
of beaded fibers lying in this position (Fig. 151). From the plexus 

‘ Se\ eral in\ estigators ha-\ c described nerve fibers entering the dentinal tubules 
The most complete and elaborate v ork is that of Howard Mummerj- For which the 
student is referred to, Microscop'c Anatomj of the Teeth J Howard Mummen' 

p 211 
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in tlie hyer of Wwl beaded fibo’S ere given off, passing between 
and around tlie odontoblasts, forming a netnori around each cell, 
and ev cn passing ov cr on to tlic cm! of the cell beta een it and the 
dentin biitthej have never been foHoned into the dentinal tubules 
In no instance and bv no mctliod tliat he has employed, has 
Dr Ilnbcrhcen able to demonstrate nerve fibera m the dentinal 
tubules 

The sonsjtneness of the dintm m view of tlie«e observations, 
IS due to the presente of living fibrils connected with living odonto- 
blasts \ Inch art in phj3tolo^,it connection vvitli nerve fibers It 
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is interesting to note that this is the onlv jn->tnnce in ahich a con 
nectiv c tissue cell is intcrui'diate bttnctii the outside ivorld and 
the nerve fiber In all other instances m epithtinl cel! is inter 
mediate bt£« cen the cn\ iroament and tfje nenous si stem The 
«ensiti\ tiiess of the rlentin is therefore dut to tlie irritabihtv of the 
cytoplasm of the fibril transmitted througli the continuitv of cy'to- 
plasm to the odontobla'-ts and their rtactioii upon the surrounding 
nerve fibers Hie irritation to the fibril mav be cither traumatic 
chemical or thermal I or inst ince salt li sprinkled on exposed 
hvmgdentin and a ‘iharp sensation o/ pain is the rc<ult Itmiy be 
supposed that chemical changes are set up m the cy topJasm of tlie 
fibril whicli excite clianges in the cytoplasm of the odontoblasts 
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These react upon the cytoplasm of the nerve fiber, and so are trans- 
mitted to the nerve center, being recognized, in consciousness, as a 
sensation of pain. In the same way traumatic irritation caused, 
for instance, by the cutting of dentin with a steel instrument sets 
up changes in the fibril in the same fashion It is impossible to 
conceive of any vital activity of endoplasm otherwise than as a form 
of chemical action or molecular or atomic movement of its substance. 

Certain clinical facts are well explained by these structural 
facts It IS often noted in the preparation of cavities tliat the 
dentin is most sensitive at the dento-enamel junction. This would 
be expected when it is recalled that at the dento-enamel junction 
the dentinal tubules fork and the fibrils anastomose, so that an 



Fig 152 — ^Rose’s diagram of nerves and bloodvessels of the pulp 

irritation to a few fibrils is not simply transmitted to their odonto- 
blasts and the nerve endings in contact with them, but to all the. 
fibrils, and so to the nerves in contact with all of the odontoblasts 
The presence of dilute acids render the ej-toplasm of the fibrils 
much more irritable The dentin in a carious condition is therefore 
much more sensitive than that in a sound or normal area The 
sensitiveness of extremely hypersensitive dentin can often be 
greatly reduced, if not entirely overcome, by cleansing the cavity 
thoroughly, washing with tepid water, followed by a dilute alkali, 
drying and sealing for a few days, when it will be usually found 
that excavation can be carried out without excessive pain. The 
sealing must be perfect If it is leaky the cavity will be more sensi- 
tive than ever at the end of the delay. 
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Teeth in which the size of the pulp chamber has been reduced 
h} the formation of secondary dentin are usually much less sensitive 
Bj this formation, ns lias been seen m the chapter on dentin many 
of tlie tubules are cut off and man> of tlie ffbriJs reach the pulp 
onlv by anastomosing with a fen m the later formed dentin The 
transmission to the ner\ es of the pulp is thus made more difficult 
and imperfect 

In all (.onsiderations of tlie sensitiveness of dentin, the purelj 
subjective and hysterical symptoms must be carefully -nstched for 
In many cases slight sensations are so magnified by fear and expec 
tation as to be considered intolerabfe In such cases the diversion 
of attention and the skilful use of suggestions are of more value 
when coupled with delicacy of manipulation and operative skill 
than any jneins of obtunding In sucli cases although the operator 
is positive that the sensations are slight it mil never do any good 
to tell the patient so or to argue that what is being done cannot 
hurt Tlicj must be made to believe fully that sometliing has been 
done to dcstrov the sensitiveness, and then the attention roust be 
concentrated upon something while the excavation is lightly and 
skilfully performed It makes very little difference what is done, 
but it must attract the attention m order to plant the belief that the 
sensitiveness has been removed, and then the attention must be 
du erted until the manipulation is completed 

Tile nerv es of the pulp not onlv respond watli sensations of pain 
from the irritation of the fibrils in the dentinal tubules but because 
of their confinement in a calcified chamber and the semifluid nature 
of the tissue, they are very sensitive to pressure either increased 
or decreased The normal response to changes of temperature, as 
well as most of the pain m patliologic conditions of the pulp 
arc probablv caused by changes of pressure through disturbance 
of the blood circulation of the tiisue The ner\ es of the pulp con 
trol the walls of the arteries through the vasomotor reflexes and 
also by trophic fibers control the functional activ ity of the odonto- 
blasts m the formation of the dentin 

In a single tooth the irritation resulting from a carious cavity 
is found to cause the formation of dentin not simply in the region 
reached bv tJie irritated fibrils but upon the entire wall of tlie pulp 
chamber and apparently also in other teeth It has seemed possible 
to the author that in some instances osmotic conditions might be a 
factor m the production of pain in the pulp especially m the early 
stages of canes 
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GENERAL CONCEPTION OF THE LYMPHATIC CIRCULATION. 

The student generally finds difficulty in getting any clear idea of 
the Ijonphatic circulation. It seems best, therefore, to make a 
most simple and elementary statement of this most important 
circulatory system as a basis for a study of the Ijnnphatic vessels. 
Life at present can be understood only in terms of a single cell. 
Every living cell must be bathed in fluid from which the cytoplasm 
receives the material for its constructive processes and to which it 
gives up its waste products or the results of catabolism Just as 
the single-celled protozoan floating m a pond of water, so each cell 
of every tissue of the body can be considered as bathed in a fluid — 
the lymph The epithelium of all external and internal surfaces 
makes a bounding layer which prevents the loss of the fluid If a 
slight cut or abrasion is made on the skin, removing the outer layer 
of dried cells and not breaking the blood capillaries, there will appear 
the exudation of a drop of yellowish fluid on the surface. This 
fluid immediately coagulates and prevents further loss until the 
continuity of the surface is restored. In this simple way we may 
demonstrate the presence of the intercellular fluid or lymph. 

For the health’ and nourishment of the cells this fluid must be in 
circulation or the cells would be poisoned by their own products of 
catabolism In a very general way the blood circulatory system 
may be said to be the means of bringing oxygen to the tissues and 
the lymph circulatory system the means of supplying the material 
for metabolism 

The fluid of the blood passes through the cells of the capillary 
walls into the intercellular and tissue spaces, and in that sense may 
be considered the source of the l;^Tnph, The passage of the blood 
plasma tlirough the capillary walls is not simply a matter of trans- 
fusion or osmosis, but is a vital function of the cells of the capillary 
walls. ^ The intercellular lymph is not the same as the plasma of the 
blood in the bloodvessels, for from it the cytoplasm of the tissue cells 
have taken up material and to it they have given products of 
metabolism. 


(ISI) 
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llie fluid from the mtcrcellular and tissue spaces is collected h\ a 
sjstem of \essels, the Imphatie vestels, and returned to the bWl 
circulation through the thoracic duct emptj mg mto the left aib 
ciavian \cm On tin. right a \crj short, Ij-mphatic duct not more 
than 10 to 12 inra in length, empties into the right subclav nn \em 
Verj frequentlj norightljmphaticductcTists, the jugular and «iub 
cla\ jan trunks opening mdependentlj mto the right subcla\ian i ein 

I orraerlj it ivas supposed that the smallest of the lymph %e 3 ael 3 
or Ijmph capillaries opened liuccll} mto the intercellular and tissue 
spaces, but it has become more and more evident that this is no* 
correct but that the hmpluitic vessels form a closed svstem opening 
onlj into the subclavian veins *1 he intercellular fluid passes into 
the l>mph capillaries through their wall b> a vital process A 
ihogTvm of the Ivnipbatic vcs>^ls ind their relation to the hloo3 
circulation is shouu m Plate \IJ 

It IS undoubtediv true tlm the bloo<l capillaries also mav tale up 
fluid from the tissue as u oil as giv e up fluid to it and it is certain that 
thev take up products of metahohsni from the tissue cells But os 
a beginning and chnientarj idea the statement may be made that 
the plasmv of the blood passes out of Uie capillaries, bathes the cells 
giving up materia! to them and receiving product? from them, 
and 1 ? returned to the blood circuhtion through the Kmphvtic 
vessels 

In comparing the too systems in Phte \n several things can be 
noted (1) The blood pasecs from thr heart through the arteries 
to the capillaries and back to the heart m the veins and is a cloaed 
system all the wav The liTnpli.ii. coHectcii from the tissue spaces 
by thel)Tnphvt» cipillvnes pvs'cs through collecting trunks to the 
glands, where it passes through the capilhries again and on to the 
blood circulation through the subclavun vein (2) The blood cir 
CTilation IS the owgen earner the lymphatic circuhtion the food 
and waste earner (3) Tlie blood circulation is npid the Kmph 
circulation slow 

Lymphatic Nodes or Glands — ^Jmig the course of the Ijinplntic 
vessels are phccvl structures Ivmphalic nodes or ghnds mwhith 
the fluid must come in contact with raa»es of active celU for tl e 
purpose of prev entuig mfection earned m the current from reacliiog 
the blood circuhtion anti so the entiK. bodv 1 or the structure of 
the Ivmph nodes and tlieir relation to the liinphatic vessels the 
student is referred to text books of hi tologj and anatomy 
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PARTS OF THE LYMPHATIC SYSTEM. 

To have a conception of this system, the fluid that ciiculates, the 
cells it carries, the vessels through which it goes, and the tissue or 
special structures through which it passes in its course, must be 
studied in their relation to each other. 

1 Lymph 

2. Leukocytes (cells found in the Ijnnph) 

3. Lymph vessels 

4. Lymphatic glands (lymph nodes) 

Lymph. — ^The lymph is a slightly viscous liquid, sometimes with 
slightly yellowish color, no or very slight odor, slightly alkaline 
reaction, and specific gravity of 1 012 to 1 022 Krause states that 
the entire quantity of lymph is equal to one-third of the body weight 
Five and one-half liters have been collected from the thoracis duct 
from man in twenty-four hours The quantity is dependent upon 
tissue activity 

Fiom the most fundamental conception of it the Ijunph must be 
slightly different from the plasma of the blood And its chemical 
composition must be variable It is slightly less alkaline and 
contains less fibrin than the blood plasma. 

Leukocytes. — ^The term leulcocytes includes cells that are found 
in the blood, Ijonph, and connective tissues, and is synonjnnous 
with white blood corpuscles. 

The leukoeytes are soft cytoplasmic masses with no cell wall, 
nearly coloiless, extensible, and of varying refraction. They are 
heavier than lymph or plasma and lighter than red corpuscles. They 
are viscous, adhering to a glass slide and sticking to the walls of 
vessels, resisting the current which carries them along, so that they 
accumulate when the eurrent slackens 
They possess all the biological properties of primitive cells, 
mobility, sensibility, absorption, secretion and reproduction. 
Such important functions as the absorption of foreign matter and 
bacteria are dependent upon these primitive functions 
Leukocytes have been classified by their form, size, tlie character 
of the nucleus and the granules found in the cytoplasm 
Lymphatic Vessels. — ^Ljuuphatic vessels were discovered by the 
ancient Greeks and were known by Aristotle (384-322 B.C ), but 
the knowledge was lost and they were rediscovered by Nicholas 
hlassa in 1532 A.D. In 1563 Eustachius discovered the thoracic 
duct. 
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The structure of the vessels is different in the different parts but 
may be described in general by saying that the capillaries and small 
collecting vessels are lined by a single layer of exceedingly delicate 
endothelial cells and the larger trunlcs show three layers similar 
to the walls of the veins but more delicate in stiucture (Figs 153 
and 154). 



As a general statement the'network of origin is in the subepithe- 
hal comeotive tissue The collecting and transporting trunks are 
tound in the eonneetree tissue and are either superficial or deep, as 

they are above or below the fascia The superficial vessels are 
usually more highly developed. 

The total capacity of the network of origin is very great, being 
equal to or greater than that of the veins, but the capacity is greatly 
reduced m the collecting and efferent ducts, so that the entire systei^ 
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neck from -n'hich tw'O vertical chains extend under the stemo- 
niastoid muscle and along the large bloodvessels and nerves extend- 
ing to where the neck joins the thorax. These main vertical chains 
are flanked by lesser auxiliary chains (Fig. 15S). 



Fia 156 



I'lG 157 

The alanclular collar is composed of fl) the suloccipital group; 
(2) the vuhsfoid group: (3) the parotid and suhparotid group; (4) the 
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suhmaxiUnry fjToup, (’i) the tuhmetihl ffroiip ((i) t)ie refropharyn 
geal gmip 

1 'IJie siilorcipilnl group uumlli contnifH two planrli TJicy 
rcaive cfTirrnts from the oraiulfll fHirtjon of (lie valp TJieir 
efferent^ icniimntc »» the hif.ltc<<t nf the lulMteniofnaatoid 

of the Ncrticiil tlmm 
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axiricle, except the lohule, and the posterior surface of the external 
auditory meatus. Their efferents empty into the superior glands of 
the submastoid group after traversing the superior insertion of that 
muscle. 

3. The Parotid Group— This group is made up of (1) the sub- 
cutaneous glands, which are often absent; (2) the glands contained 
in the parotid space, (3) the subparotid glands 
The glands of the parotid space are situated on the external 
surface of the gland or in its external substance. The superficial 
ones are usually two or three in number The deep ones are scattered 
through the entire substance of the gland and are usually grouped 
along the external jugular vein and the external carotid artery. 
One constantly occupies the lower part of the space and is attached 
close to the angle of the jaw in contact with the cervical fascia. 
They receive afferents from the external surface of the auricle and 
external auditory meatus, from the tympanum, from the skin of 
the templar and frontal region, the eyelid and root of the nose 
They perhaps also receive vessels from the nasal fossa and the pos- 
terior part of the alveolar border of the superior maxilla Then- 
efferents empty into the substernomastoid group. 

The subparotid glands are placed between the parotid and the 
pharjmx in the lateropharjTigeal and posterior subglandular space. 
They are in contact with the internal carotid and the internal 
jugular They are the starting-point of the lateropharyngeal 
abscess (Quaine) They receive afferents from the nasal fossa, 
nasal pharjmx and Eustachian tube. Their efferents pass to the 
glands of the deep cervical chain 

4 SubviaxiUary Glands . — ^These glands, three to six in number, 
are the most important from the dental standpoint They form a 
chain stretching along the inferior border of the mandible from the 
insertion of the anterior belly of the digastric to the angle of the 
jaw. They are found in the junction of the cutaneous and bony 
surface of the submaxillary gland on which they rest. The largest 
and most constant of the chain is found at the point where the 
facial artery crosses the border of the mandible. They receive 
afferents from the nose, the cheek, the upper hp and external part 
of the lower lip, the anterior third of the lateral border of the tongue 
and almost the whole of the gums, alveolar process and teeth of 
both upper and lower arch Their efferents descend on the cutaneous 
surface of the submaxillary gland, across the hyoid bone and ter- 
minate m the glands of the deep cervical chain, over the bifurcation 
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of the carotid artcr;^ or muti deeper, where the omohjoid cro&scs 
the internal jugular ; ein 

5 ThtSiikmtniaXGlwdt — ^Tliebc glands are extremelj \nrnb!c 
in number and position Usuallj one to four m number the\ are 
found m the triangle betr^een the anterior belhis of the digastric 
mubcle and the hjoid bone Tbcj receive afTerents from the chin, 
the centnl portion of the lower hp the tip of the tongue ami the 
anterior portion of the aheolir process and the loner incisor teeth 
Tlie latter 13 probabK not constant 

0 The Relropharyngcal Group — ^Tliese glands are pheed behind 
the pharj-nx at the junction of the posterior and lateral surfaces at 
the apex of the 1 iteral mT?ses of the atlas Usu'iilj tn 0 in number 
thev are in rchtion with tlic posterior e all of the pharjnx and the 
anterior surf-ice of the rectus—capitisnnticus major and extemalh 
with the constrictors of the pbarjTix Thev ore about two ccnti 
meters from the mwlian line Thej receive afferent vessels from 
the mucous membrane of the nasal fossa, and the esv ities eonncctfsl 


with It the na^al pharjTix ru>tachian tube and perhaps the t^ni 
panum Their efferent vessels emptj into the superior ghnds of 
the mterml jugular chain 

Veecendtng Cerncal Chains — These etfend from the glandular 
coll-ir through the neck to the thorax 7 he most important clnm 
13 the deep cerv ic-il clnm owe on each side under the stcmomastoid 
muscle and in the subclav lan triangle The smaller are the external 
juguhr chain the tnoantcriorccnica! chains superficial and deep 
and the recurrent ch im 

The deep cerv ical clnm (Fig I<J6) is one of the largest and most 
important rehvs m the IkxIv It contains fifteen to thirtv ghnds 
Jt IS made up of two groups (1) the upper of sulistcrnomnstoid 
group and (J) the low cr or stibclav lan triangular group Onlj the 
first group will hi consulerwl 

SuhdtrnonKutdu! ftandf — J f-xlcrnnl Olamls Behind and 


txtcmil til th< mtiriul jugular vim \fferent vessels arc nccivt«\ 
from till fxiipitiil and mastoid glands and from cutaneous 
phafo s from thi po'iti nor part of the head nnil netk 
J Intrniiil (diiuK Best on tlit internal jugular or along ds 
cxttnni bonier \t ddfinnt jMUnts in the chain glands of spccnl 
luiportaiiie art fouiul for instance (a) Beneath the posterior bcllv 
of ihi ili^astni tin prmciirvl terminus for hanphatica from tbx 
tongue und gum idmii the loww teeth on the lingual (h) 
the omohvoid crosses the mterruti jugular Afferent vcshU Tlie*c 
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glands form the second relay for Ijnnphs from the {a) retropharyn- 
geal and Qj) parotid and subparotid. 

3. Submaxillary. 

4. Submental glands 

5 The superficial and deep anterior cervical chain and the recur- 
rent chain They receive direct aft'erents from (o) the majority 
of the vessels fiom the tongue, (6) part of the nasal pharjmx and 
larynx, (c) the vault of the palate and soft palate; (d) the cervical 
portion of the esophagus; (c) the nasal fossce, (/) the larjmx and 
trachea, {g) the thyroid liody. 



The Xctu'orl of Origin \n ihe Denfal Hcgion — Tlie lymphatic 
network of origin is absolutely continuous over the whole of the 
face, eyelids, conjunctiva, lips and the mucous membrane of the 
lips, cheeks, gums and gingiva Eveiy papilla of the connective 
tissue under the cpithchum contains such networks of vessels as 
arc shown in Fig l.^jO from papilhe of the hand. Exactly such 
structures can be shown from the mucous membrane of the gum 
and gmgivie. fi'hese capillaries empty into an exceedingly rich nct- 
work of \ery delicate vessels in the subcutaneous and submucous 
lay er, which is illustrated in Fig, IfiO. It is diflicult for the element- 
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arj student to get an\ conception of the fineness delicncj and inter 
communicating anastomosis of this network Irom tins network 
a few collecting ac^els lead to tlie afferent trunks going to the fir^t 
glands Tliere is therefore a more or less definite drainage for a 
giaen area, though the network of origin is continuous 
Lymphatics ot the Lips — ^In the lips there art tw o networks one 
in the subcutaneous lajcr of the outer surface and one in the ■'uIh 
mucous laicr of tJic internal surface These communicate free)' 
at the border of the hps I ach network is dminerl In a few collect 
ing trunks, winch recenc Imphatic \csscls from the musculir 



Fio 180 — Lrtnphstie vescb of tbo collecliDa network. (Sapw ) 


h\cr3 that arc levi (le\cIopc<l llic siificutaiieoiis collecting 
of the lower lip two to four in numlier on each side freqiientlv 
cro'w and anastomose at the mwlnri line Thooc from the middle 
portion pass to fhe submental glands Those from the rigion o! the 
commit urc ri*ach the most antenor of the submnxillarx glands 
(bu. 101) llir stibrniicous {ollecting xesstls two or three on each 
aide pass obliqtiih downward oihI oiitwnnf to the region of the 
facial alien and end m the suhmatdlarj glands Hit ' do not cross 
or anastomo e at the rnnlian line Tliere arc two siibriiucoti^n* 
two or three subcutaneous collecting 'csscli in the upper hp Tlin 
all pass obliqiieix dowm»artJ and outward, usuallx to the middle 
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gland of tlie submaxillary chain One of these may enter the most 
external of the collecting trunk from the lower lip 

L3nnphatics of the Mucous Membrane of the Mouth and Gums — In 
the mucous membrane of the mouth and gums the network of origin 
forms an exceedingly close network. 

Frovi the outer surface of the mandible the collecting vessels form a 
wreath of interlacing vessels at the reflection of the mucous mem- 
brane from the bone to the cheek. The vessels increase m size as 
they pass distally and finally penetrate the cheek and end in the 
submaxillary glands, especially the last one 



Fig 161 


From the inner surface of the mandible a similar wreath of collecting 
vessels is formed at the reflection of the tissue from tlie bone to the 
floor of the mouth and tongue From the anterior part, lingual to 
the incisors, the vessels pass, with those from the tip of the tongue 
to the submental glands From the lateral portion they unite with 
Ijunphatics from the anterior part of the lateral surface d the tongue 
and pass to the glands of the submaxillary chain From the region 
of the second and third molars they piobably join the l.^nnphatics 
froni lateral portions of the base of the tongue in the region of the 
tonsil and pass to the large gland of the deep cervical chain placed 
under the posterior belly of the digastric 

Outer Surface of the Maxilla — ^From the outer surface of the 

upper arch the collecting vessels pass to a wreath of large vessels 

at the refleetion from the bone to the cheek Tliese increase in size 
13 
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ns thc\ e\tend distnlK U the le\el of the mohrs thc\ pierce ife 
clicek, join the faci il nrten and tenniintc in tlie posterior pbnd^ 
of the Mi(>in‘>'ci({nn cJnin (Ijg 162) On the hngtnl the colicctn" 
\ first p^s-) ohliqiieh backet erd and ton mJ tlie median line of 
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Lymphatics of the Pendental Membrane —The lymphatic capillaries 
in the papilhv mider the epithelium on the labial or buccal and 
lingual surfaces of the gingivie pass to the collecting network in the 
submucous connective tissue outside the periosteum on the surface 
of tlic alveolar process (Fig 162). The b-mphatic capillaries from 
the papilltC under the epithelium lining the gingival space are col- 



riD lOJ — I'list Ktiod '•cction sliowiiic Kmpli cripillanc-' of tlie tooth title of the 
nlU’l^.r' <vikI ihcir ciraimitc through tlic hpamcntuni circularc to the peridental 
rnoinlir me 

Iccted in tcry fine \ccscU which pierce the liganientmn circulars 
ver\ clotp to the tin face of the cementum and extend in the inter- 
filirotis titsuc of the ]icrulental membrane accompanying the blood- 
it'tM’k (1‘ig Kn'i). .\t the Ie\el of tiie apex of the root they receive 
1> inpliatu t ( otnintf fiom the ilenta) pulp (Fig lO-i) and pass through 
the c.nicclloiis .-[Met"' of the bone to the inferior dental canal in the 
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as t!ie\ extend distilK At the Ic%cl of the mohrs thc% pierce tic 
rlii-ck join the f^c^! nrtcrj ^nd tcnnm'itc m the pOi5tcnor pUmli 
e)f tiu •^^lI)nn^J!l^^^ cinm (I ig 1C2) On the hiipnl the collectm? 
hrst p'l-'S obhqucK bad^wartl and tow'ird tlic rawlun line of 
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Lymphatics of the Peridental Membrane. — ^The lymphatic capillaries 
in the papillaj imder the epithelium on the labial or buccal and 
Imgual surfaces of the gingivce pass to the collecting network in the 
submucous connective tissue outside the periosteum on the surface 
of the alveolar process (Fig. 162) The Ijnnphatic capillaries from 
the papilliE under the epithelium lining the gingival space are col- 



Fio 103 — Unstained section, showing lymph capillanes of the tooth side of the 
gmgivre and them drainage through the ligamentum circulare to the peridental 
membrane 


lected in tery fine vessels which pierce the ligamentum circulars 
very close to the surface of the cementum and extend in the inter- 
fibrous tissue of the peridental membrane accompanying the blood- 
vessels (Fig. 163) At the level of the apex of the root they receive 
Iraiphatics coming fiom the dental pulp (Fig 164) and pass through 
the cancellous spaces of the bone to the inferior dental canal in the 
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lower and tKe infraorbital canal in tlie upper They emerge on 
the surface of the bone at the mental foramm, or the infraorbital 
foramen and end in the posterior or middle glands of the submaxil- 
lary chain, following the course of the facial artery (Fig 165) A 
great amount of work remains to be done on the drainage of the 
teeth in different regions Little or nothing is known of the course 
of the vessels from the upper incisors, lower ineisors and seeond and 
third molars Lymphatics from the lower incisors may pass to the 
submental glands Those from the upper incisors probably reach 
the surface of the bone below the level of the floor of the nose and 
join the vessel coming from the infraorbital canal, though it is 
possible that some of them join vessels in the floor of the nose. It 
IS quite probable that lymphatics from the second and third molars 
pass to the glands of the parotid group. 

Lymphatics of the Dental Pulp. — ^For many years the dental pulp 
was said to be devoid of lymphatics and all attempts to inject vessels 
in the dental pulp failed In 1909 Schweitzer reported successful 
injections of the dental pulp, and in 1914 Dr. Kaethe Dewey and 
the author repeated Schweitzer’s results and succeeded in injecting 
lymph capillaries of the submaxillary lymph glands in the dog by 
injections into the dental pulp and followed the course of the vessels 
continuously from the pulp to the glands (Fig 165). There is much 
work to be done in this field before our knowledge will be at all 
complete regarding both the perivascular lymph sheath and the 
independent lymph vessels. The vessels begin at the surface of the 
pulp and follow the course of the bloodvessels to the apical foramina, 
where they join the lymphatics of the peiidental membrane Their 
eourse from this point has already been followed 

Lymphatics of the Tongue.’ — ^The lymphatics of the tongue are 
very highly developed and have been thoroughly studied There 
are two netivorks of origin one superficial in the mucous membrane 
and one deep in the muscular body of the tongue Their efferent 
vessels unite in the submucosa 

The collecting trunks are divided into four groups (1) Anterior 
apical. (2) Lateral marginal (3) Posterior or basal. (4) Median 
or central. 

1. Anterior Apical Tninls —These vessels, two on each side, run 
along the frenum to the posterior surface of the mandible Here 
they separate (Fig. 166). (1) One runs downward and baclcu^ard 

» See PICO 270, The Lymphatics by G Dehmero, P Poiier and B Cuneo 
Edited bj Cecil H Leaf 
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lower and the infraorbital canal in the upper. They emerge on 
the surface of the bone at the mental foramin, or the infraorbital 
foramen and end in the posterior or middle glands of the submaxil- 
lary chain, follomng the course of the facial artery (Fig. 165). A 
great amount of work remains to be done on the drainage of the 
teeth in different regions Little or nothing is known of the course 
of the vessels from the upper incisors, lower incisors and second and 
third molars Lymphatics from the lower incisors may pass to the 
submental glands Those from the upper incisors probably reach 
the surface of the bone below the level of the floor of the nose and 
join the vessel coming from the infraorbital canal, though it is 
possible that some of them join vessels in the floor of the nose It 
is quite probable that Ijunphatics from the second and third molars 
pass to the glands of the parotid group. 

Lsmaphatics of the Dental Pulp. — For many years the dental pulp 
was said to be devoid of lymphatics and all attempts to inject vessels 
in the dental pulp failed. In 1909 Schweitzer reported successful 
injections of the dental pulp, and m 1914 Dr Kaethe Dewey and 
the author repeated Schweitzer’s results and succeeded in injecting 
lymph capillaries of the submaxillary Ijmiph glands in the dog by 
injections into the dental pulp and followed the course of the vessels 
continuously from the pulp to the glands (Fig. 165) There is much 
work to be done in this field before our knowledge will be at all 
complete regarding both the perivascular Ijrmph sheath and the 
independent lymph vessels. The vessels begin at the surface of the 
pulp and follow the course of the bloodvessels to the apical foramina, 
where they join the Ijunphatics of the peridental membrane Their 
course from this point has already been followed 

Lymphatics of the Tongue.’ — ^The Ijunphatics of the tongue are 
very highly developed and have been thoroughly studied There 
are two networks of origin- one superficial in the mucous membrane 
and one deep in the muscular body of the tongue Their efferent 
vessels unite in the submucosa 

The collecting trunks are divided into four groups (1) Anterior 
apical. (2) Lateral marginal (3) Posterior or basal (4) Median 
or central. 

1. Anterior Aimal Trunks —These vessels, two on each side, run 
along the frenum to the posterior surface of the mandible Here 
they separate (Fig 166)- (1) One runs downward and backward 

I Sco pape 270, The Lymphatics by G Dolamcre, P. Pouer and B Cuneo 
liiUitcd by Cecil H Leaf. 
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J 7 fir \[nrgiiiitl Trunks 11km. \t m1i inllett from all the 
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most important vessels of the tongue They form a medial and 
lateral group and all terminate in the large gland of the deep cervical 
under the posterior belly of the digastric 
4. The Central Trnnls — ^These vessels arise from the middle part 
of the dorsal network of the body of the tongue Instead of running 
outward they descend in the middle Ime between the two genio- 
hyoglossi and end m the glands of the deep cervical chain. 
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INTERCELLULAR SUBSTANCES 

Donno tlie last hundred >earb knowledge of living things and 
iH thought of tJieir structure and function has entirely changed 
The cell theory Ins nbundantlj established tliat the cel! is the 
structural and functional unit of all living objects both plant and 
animal nnd that all manifestations of life are accomplished bj the 
chemical activiti of the substance of the cel) which Huxley long 
ago designated as "tlie physical basis of life ” From a considera 
tion of the phi sical properties of cjiSopfasm, nothing is more appar 
etit than that tlie production of a highlj organized bodj out of 
it alone would be impossible If tlie human bodv were composed 
entirely of c^toplasra it would be o shapple^s lump of jellj It 
13 onlj bj the production of materia) which has physical properties 
of strength and rigidity through tlie activitj of the cj-toplasm that 
the sliape and funettoa of a highlj organized creature is pos ible 
This is accomplished through the metabolism of the cv'toplasm 
more or less analogous to the building up of a secretion bv the cells 
of a gland though there ts no intention to suggest an} direct com 
parison between tlie two In other words all tissues are made up 
of cells and intercellular substance and the vital characteristics 
are giv en to the tissue tlie cells tlie physical diarsciewtics bv 
the intercellular substance These intercellular or extracellular 
materials possess none of the vital manifestations, and are entirely 
dependent upon the ccJfs for their formation and maintenance 
There is apparentlj a constant reaction between the cell and the 
formed material which constitutes the intercellular substance for 
even the most highly specialized of intercellular substances repre 
seated by tlie dentin matrix changes in its properties if the cells 
are removed If the cells in the bonematrix are killed tliat portion 
of the tiasue becomes necro.^ bone and is as much a piece of 
foreign nutter as if a piece of bone toothbrush handle had been 
shot into the bod> The fibers of fibrous tissue have no abilitj to 
grow, to attach themselves to anj surface, or even to maintain 
their present form without the presence of living cells or fibroblasts 
( 200 ) 
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There has been a great deal of discussion as to the method of forma- 
tion of intercellular substances by the cells, and the nature of the 
reaction occurring between the cell and the formed material after 
it has been produced In several intercellular substances the 
material passes through changes both of physical and of chemical 
character, but these are carried out by reaction with materials 
formed by the metabolism of the cell, for if the cells are removed 
the formed material will not go through any such changes. The 
intercellular substances, therefore, while they are cliemically 
extremely complex, belong to the simplest classes of protein mole- 
cules, and have no such complexity of atomic movement, producing 
conditions of recurrent unsatisfied affinity, without which no idea 
of the metabolism of living cytoplasm can be obtained Chemically, 
living cjdoplasm may be roughly viewed as constantly undergoing 
chemical changes which are almost infinitely complex, and by means 
of which simpler substances are acted upon and built into its own 
molecule Complex combinations are thrown off as products of 
its metabolism, and simpler substances are formed as decomposi- 
tion products, or waste materials Dr Brooks often used to say 
in his lectures that the most striking characteristic of living things 
was their ability to react upon their environment in such a way 
as to become better and better suited to it. When living cjdoplasm, 
which is soft and without the physical properties of strength and 
rigidity, requires protection from physical influences^ substances 
possessing these qualities are produced by it Intercellular sub- 
stances therefore were apparently formed by the cytoplasm in 
response to physical conditions of its enviromnent, and are one of 
the phases of adaptation 

In the higher forms of animal life the class of tissues which 
have produced these formed materials, for the purpose of support, 
rigidity, and connection, are called the connective or supporting 
tissue The formed materials are of two classes — those which are 
to connect associated and dependent parts, and those which give 
rigidity and protection. The fibrous tissues are of the first class, 
and are made up of materials possessing strength and elasticity. 
Tile bone and cartilage belong to the second class, and give strength 
and rigidity. The first sustain pulling stress, the latter shearing 
or bending stress, though both possess a certain amount of each 
Adaptability and the greatest range of variation are most slrik- 
iiig tliaracteristics of connective tissue which develop and change 
to meet all kinds of requirements of both mechanical and physical 
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environment to v. hich they are subjected Tiiese variations are 
produced hy the production of increased amount of the intercellular 
material its destruction, or the change of its character, under the 
influence of the cells of the tissue No tissue responds more quickly 
to the demands made upon it bv development or environment 
When the muscles grow larger and stronger by development, the 
tendons and the bones to which they are attached change as quicU^ 
and in proportion From the appearance of the skeleton the 
experienced anatomist can picture very accurately the muscular 
development of the individual to whom it belonged 
The cell wall of plants maj be useil as one of the simplest examples 
of supporting tissue In t)us case each cell in addition to its other 



1^0 107— Cells from tli4 groinas tipof a cbnlout spedlloe (Dahigteaaod 
B«paer) 

functions produces its own supporting substance These may be 
observed m the cells of a growing root tip Flint an onion by 
selecting one larger than a small glass fill the glass with wntcr, 
and place the bulb on it If this is placed in a sunny winnow, in 
a few hours little rootlets will be seen stretdnng down in^o tlie 
water Tlie rootlets of a sprouting chestnut also make verj good 
material (Tig 167) If these are embedded m paraffin, tjie dev elojv 
ment of the cells and the formafion of their supporting valla can be 
observed The voung cells near the tip will be found to be a r^ss 
of granular cjtopla^m, with a large nucleus in the center, ® 
thin wall of cellulose which is the cell organ of support As e 
cell increases m Size vacuoles appear in the cytoplasm whicli become 
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larger and larger These vacuoles are filled with watery fluid which 
is not a part of the cytoplasm. If the cell remained a solid mass 
of cytoplasm, an enormous amount of food material would be 
required, which would be out of all proportion to the work which 
the cell is to perform. The vacuoles increase in size with the 
growth of the cell until thnre is a rim of cytoplasm m contact with 
the cell wall, and a central mass of cytoplasm surrounding the 
nucleus and connected with that at the periphery by fine threads. 
In still further growth these threads are broken, the nucleus is 
pushed to one side, and the whole central portion becomes one 
huge vacuole There is now a cell wall, vdth a layer of cji;oplasm 
covering its inner surface, which is kept in reaction with the nucleus 
by streaming around and around This flowing of the cjdoplasm in 
plant cells may be easily observed in the delicate stamen hairs of 
the ordinary Spiderwort, or in the cells of the water plants Chara 
or Nitella, which are easily found in most ponds. In this example 
it is seen that the cytoplasm remains in contact with the formed 
material which it produces for support, and that it is only sufiBcient 
in amount to form and maintain this material 
In general histology it has already been noted that the cells of 
connective tissue are very similar, and that the tissues differ chiefly 
in the character and arrangement of the intercellular substances. 
It has also been emphasized that the connective tissues all originate 
from a common form of embryonal connective tissue, or mesen- 
chyme, and change from one form to another m development. 
These mutations of the connective tissues are their most str ikin g 
characteristic, and must be clearly grasped if the bone, as an organ 
of support, is to be understood For instance, embryonal connec- 
tive tissue is transformed into fibrous tissue; fibrous tissue becomes 
arranged in a definite membrane, and is transformed mto cartilage, 
which is again removed and transformed mto bone All these 
changes take place to meet the requirement of mechanical conditions 
and environment. 

If the subcutaneous tissue of an embryo be examined in sections 
(Figs 168 to 183) the cells will be found to be irregular masses of 
cjdoplasm vith a nucleus in the central portion, and fine projec- 
tions strctcliing out in all directions through an almost structureless 
intercellular substance The fine projections of the cytoplasm meet 
those of the adjoining cells and form a network holding everj'thing 
together. Because of the nature of c\^oplasm, however," these 
possess very little strength, and very soon fine thread-like fibers 
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formed A tendon must be considered as a higbb specialircd 
form of connectne tissue, arranged to supply tensile strength 
The degree of specializaUon of the tissue is judged bv the ertent to 



Tio 17S — Coonccuve Usaue celto Itom which Ktieutat Elyrs we developed 
(Black) 



Fzq 179— Network of eUstie fibew Fro 180— Network of elasUe fibers 
from the point of reflection of mu teased out from elsstio tendon sod 
cous meiobrfttie of the lip from the gmns lowing the usual mode of division 
(Black ) (Black ) 

which its diaractenstic features are developed, either jn quanti^ 
or quality In the tendon the fine, strong fibers have been gathered 
intQ bundles, a round pufJeus would occupj too much “space 
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It has therefore become elongated and more or less rod-shaped, 
and the cytoplasm has been squeezed out into thin leaf-like projec- 
tions between the bundles Each cell is in contact with several 
fibers, and each fiber in contact with the cytoplasm of cells which 
have produced them. 



Pig 181 — Elastic fibers, showing their disposition to curl up when cut or broken. 

(Black ) 

It must be supposed that there is a constant reaction between 
the substance of the formed material and materials produced by’’ the 
metabolism of the cytoplasm In pathologic conditions the metab- 
olism of the cytoplasm is disturbed, and there is a consequent 
change in the quality of the fibers So in some pathologic condi- 
tions a relaxation and loss of tone is found in tendons and ligaments. 
In inflammations of the gingivae the fibers become relaxed and 
stretched, so that the gingivie are everted, but return to their 
normal condition when the pathologic condition has subsided, and 
the cells regain their normal metabolism 



Fig 182 — Cross-scctions of clastic Fig 183 —Tissue of the dental pulp, in 
fibers, bhowing their forms ns seen in which the development of the cells is not 
a group passing between coarse white followed by any considerable formation of 
fibers (Black ) fibers (Black ) 

To sum up wliat has been said, it is apparent that both phylo- 
genetically and ontogenetically, intercellular substances have 
been produced and are maintained by cells in response to mechanical 
influences and to meet mechanical conditions. In all higher animals 
certain tissues, the connective tissues, have been set apart for this 
purpose, and the cells have been specialized to respond to mechan- 
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Definition — ^Bone may be defined as a connective tissue whose 
intercellular substance is calcified and arranged in layers around 
nutrient canals or spaces The cells are placed in cavities, lacunse, 
between the layers, and receive their nourislunent through very 
minute channels, canalicuh, which radiate from them and penetrate 
the layers 

STRUCTURAL ELEMENTS 

The structural elements of bone are’ 

1. Bone matrix, or intercellular substance, which is always 
arranged in layers or lamellie 



Fig 184 —From a section through the bone of a roebuck The lacunie are seen 
from above, and are filled -svith colonng matter In places small dots are visible 
which represent the cross-sections of bone canahcuh (850 X) (Szymonowicz ) ' 

( 209 ) 
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2 The bone cells or bone corpuscles which are embedded in the 
matrix between its layew 

5 Lacim® or the spaces m nhich the cells are found 
4 Canaliculi, or the channels through the matrix by which 
the embedded cells receive nounslimcnt 
Bone Matnx — TJie hone matrix is composed of a den e organic 
basis of ultimately fibrous character uhich vields gelatin upon 



Flo IfeS —From a swtjoo through ih^ boa« of « roebuck TheUcuosareseeifiom 
the aide (S5D X) (^zymonowiM ) 


boiling with water ^^lth this inorganic silts are combined m a 
wcah chemicil union forroini the hard substance of bone By 
treitment with acids the morgaiuc •«ilts can be removed, leaving 
the organic basis wbicli retains the form of the 'issue In this 
condition the rigiditv of the bone is destroved On the other hand 
b\ calcining it red heat the organic basis can be removed leav ing 
the morganie substances which retam the form of the tissue In 
formation the organic basis is apparently formed first and t en 
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the salts of lime are combined with it, through the agency of the 
formative cells or osteoblasts 

Bone Corpuscles. — ^Bone corpuscles are the cells lying in the 
lacunae. Each cell contains a single well-defined nucleus, lying in 
the centre of a granular cytoplasm. The cell apparently completely 
occupies the lacume, and from the central mass fine projections of 
cjdoplasm extend through the canaliculi, which bring the bone 
corpuscles in intimate relation with certain areas of bone matrix. 
The processes of one cell 'anastomose with those of its neighbors 
through the canaliculi, so that there is a continuous network of 
living cytoplasm throughout the matrix. 

Lacunae — ^The lacunae are flat, oval spaces about 20 microns 
long, 10 microns wide, and 5 or 6 microns thick Their shape, 
therefore, m sections depends upon the way in which they are cut, 
as illustrated in Eigs 184 and 185 When cut lengthwise they would 
appear as about 20 microns long and 6 wide in profile, or as about 
20 microns long and 10 wide when seen from above 

Canahculi. — ^These radiate from the lacunae in all directions, 
opening into them by larger channels which branch and divide, 
becoming smaller as they pass farther into the matrix They 
anastomose freely with those from adjoining lacunae 

THE VARIETIES OF BONE. 

There are three varieties of bone differing in the arrangement 
of these structural elements These are subperiosteal, Haversian 
system, and cancellous bone 

Subpenosteal Bone — ^This form of bone must be regarded as 
primarily a formative arrangement and more or less transitory, 
in which the layers are arranged parallel with the surface, and 
under a formative membrane It contains canals (Volkmann’s 
canals) with bloodvessels (Fig 186), connective tissue, etc. These 
penetrate the jaj ers which are never arranged concentrically around 
them It is always thin, that is, composed of comparatively few 
layers, and when a considerable thickness is formed it is cut out 
from within by absorptions beginning in the canals, and bone is 
rebuilt with layers arranged concentrically around the channels 
formed. In this way subperiosteal bone is converted into the 
second form 

Haversian System Bone. — ^In this variety the lamellae are arranged 
concentrically around canals which contain bloodvessels, nerves. 
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and embrvona! connective twsue and from A\Iiich the cells m the 
kcuuTa aTft nouvished (1 \g 187) cntiiU are, in ^.eneral, 

pnr illel ith the surface or the lonj, axis of the hone and anastomose 
with each other A canal with the Users arnnged around it con 
stitute a Hasersian ssstem Between the Histrsian svstems are 
temams of the subperiosteal Users (intenstittal lamelU) that uere 
ictt by the absorption and for that rea'son has e been calletl fun 
damental Umellte Thej his< also been called ground lamella 
Ffasersian aj«itein bone n often called compact bone and makes up 




Fio 1*16— SuUpcnistPal boM, Fta 18* — H%vcr*iaa system booe o 

showme VoUvinaon s can^s na^eisioa c&najs 

tiie greater p\tt of the shafts of tlie long bone and the plates of 
the flat onc’i It is mser allo'uul to become greater in thn.knc«s 
than IS necessars for strength and when sufficient thickness ii^ 
been formed the dc« per part is cut out hj ab orptions m the 
Hasersian canals roo'ertmg them into Urge irregular spaces 
Tile formation of i few Users tround tiicse spa ts transforms e 
second typ® the tlurd or cancellous bone 
CaQC«>UoU 3 Bone — In this \anety tlie lam II»b are arrange m 
delicate phtt& surrounding Urge irregular nutnent or marroa 
spaces These are filled b\ embrxonal connectne ti«sue an con 



COMPACT BONE 


213 


tain bloodvessels and nerves. The plates of cancellous bone are 
not arranged at haphazard, as might be supposed from a casual 
observer of sections, but are disposed in definite arrangement, 
which is determined by the directions of stress on the compact 
bone which they support (See illustrations m Chapter XXVII ) 
They are not permanent and unchanging, but are continually being 
rebuilt in new directions, in response to the mechanical conditions 
to which the bone as a supporting organ is subjected 

THE ARRANGEMENT OF BONE. 

Compact Bone. — A knowledge of the structural elements of bone 
can best be obtained by the study of sections ground from the 
shaft of a long bone An old dry bone should be sawed across, 
near the middle of the shaft, in two places, so as to cut out a ring 
about a quarter of an inch thick. Then saw the ring through in 
two places with an arc of about a quarter of an inch on the outer 
surface From this two slices should be sawed out, one transverse 
to the long axis of the bone, the other parallel with it These 
are ground to not more than 8 or 10 microns in thickness and 
mounted in hard balsam From a study of these two the arrange- 
ment of the lamelljB, and the shape and character of the lacunse 
can be made out Upon the outer surface of the transverse section 
will be found a larger or a smaller number of layers of subperiosteal 
bone which encircle the shaft, and consequently are called the 
circumferential lamellae The number of these layers will depend 
upon the position from which the section is taken, and the age of 
the bone If the bone is increasing in circumference at the point 
from whicli the section is cut, there will be a considerable number 
of layers, and they will be easily seen If the bone has been growing 
smaller in circumference at the point, there will be very little of 
subperiosteal bone, and it will be comparatively hard to recognize. 
The greatest part of the section will be made up of Haversian sys- 
tems, in v Inch from two or three to five or six layers are arranged 
around an Haversian canal The lacunie appear as irregularly oval 
spaces about 5 or 6 microns across and 15 to 20 microns in length 
From them a great many minute canals radiate through the matrix, 
both toward the Haversian canal and away from it The character 
of tliese canahculi can only be appreciated by seeing them They are 
filled in life by projections of the protoplasm of the bone corpuscles 
They are suggestive of the rootlets of plants running through the 
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soil, anti as m th-vt case tlte rootlets are absorbing material from 
tbc soil and reacting iMth it m this cast* the protoplasmic contents 
of the canabcwli are reacting with thematm, maintaining its qualitv 
1 he portion of matrix through which the canabculv from one lacume 
extend belongs to tlie bone corpuscles which occupies the lacun'c, 
as will be seen later These cells haxe been enclosed m the matrix 
which they ha\e formed Between the Haversian s\ stems will 
be found a fciv hj ers of inter titial or fundamental laraelk rhe\ 
are the remains of lasers which were fonned under the periosteum 
and were not entirely destrojed when it was replaced bj Haversian 
systems (riate XIII) Tlie amount of interstitial lameUte varus 
greatK m different specimens, as will be seen by comparing figures 

The Haversian canals anastomose with each other, this wiU be 
seen in man> 'Specimens Mnn> Haversian sj stems will be found 
imperfect in form, as formstance thoseshowninPIatc XIII TJus 
means that after tlie«e sv stems were completed, absorptions occurred 
m a neighlionng canal which attacked the h> ers of tlie sj stem, and 
Intir a new was formed m this «:pace bj the deposit of 

concentric lameK'c \\ hilc bone is thought of os a hard and fixed 
tissue it IS contmualK being built and rebuilt m this waj It is 
onU bv the understanding of the c possibilities that we get the 
ideas tint bone while hard and rigid is a plaxtic tis Ue and w con 
timiallj being moulded bv mechamia! conditions to which it » 
suljjectcd 

It w ill be seen also that the arrangement of tlie laraell'e becomes 
a record of tlie changes tiiat liave occurred m the formation of the 
tissue The inner boundary of the 'action next to the marrow 
CdVitv will show a few lav era parallel with the surface These are 
known as the inner circumferential lamella* It is a mistake how 
ever to think of them as surrounding the marrow cavitj m the 
same ^ense as the outer circumfer* ntial lamelte surround the bone 
If the siition has bcin lut at a little distance from the center of 
the shaft it will hi\t been noted that ^e marrow caviti is pene- 
trated b , V erv delicate spicules and that in fact the marrow cav it) 

IS produced bv tlu spaces of cancellous hone, becoming larger and 
larger until thc\ b«<ome ont continuous space The inntr circum 
ferential lamellse are therefore the lavers which have been formed 
around an enlarged nutrient or marrow space 

Cancellous Bone — The canctUoiis bone can best be studied m 
decalcified sections A field from the central 5JortiQn of a flat 
bone will show its topical arrangement It is made up of delicate 



PLATE XIII 



From a Ground Cross-section of the Diaphysis of the 
Human Metatarsus (Szymono'wicz ) 

G, outer ground lamellae, h inner ground lamellae, r, Haversian lamellae, 
€? interstiiial lamellae All canals and bone cavities are filled \Mth coloring 
matter and appear black (90 X ) 
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flattened spicules surrounding larger or smaller irregular spaces 
whicli connect ■with each other very freely. Each spicule is com- 
posed of a fe-w lameUfe which are arranged around the space. The 
structure of the spicules often becomes complicated by absorp- 
tions and rebuildings which have occurred to change their direc- 
tion The tissue which fills the spaces is a delicate, embryonal 
connective tissue in which osteoblasts and osteoclasts appear in 
response to mechanical conditions It is richly supplied with 
bloodvessels, nerves, and h'mphatics The lacunse and canaliculi 
are in no respect different from those of the Haversian system and 
subperiosteal bone 



CHAPTLIt WII 

BONE rORM^TION AND GnO^^^'H 

Bonj is one of the latest tissues to be formed and is alna%s 
de\ eloped from an antecedent conncctuc tissue of less specialized 
character According to t!ie character of the antecedent tbsue 
bone formation is o! tno \arieties — tlie formation from cartilage 
or endochondral bone formation, and that from fibrous connects e 
tissue ^\lthollt the intervention of cartilage or endommhranous 
bone formation 

Endochondral Bone Formation —All of llic bones of the endo^ 
sVeleton are preformed m cartilage The tr'insforroation of cir 
tdage into bone is rather a substitution than a transformation 
for the original tissue is dcstrojed in the process and a new and 
more high!> specialized one substituted for it 

Before ossification begins the cartilage has taben on the general 
form of tlie bone and is cov cred b> a definite pencliondnum Ossi 
fication begins at separate centers and progresses through the carti 
lage, but the separate centers do not unite until the bone is about 
full) formed In the long bone there arc usuallj three centers — 
one near tJie center of the shaft, forming the Jivpophvsis, and one 
near either end forming the epiphjses These remain separated 
by a iajer of cartilage until the length of the bone has been fulb 
formed 

The first indication of tlie transformation of cartilage into bone 
IS an increase in the size of the lacunte and m the amount of cartilage 
matrix, v\ hich also show s changes in character, having hme salts 
deposited m it The cartilage cells enlarge and show signs of 
degeneration the Ucun-e become arranged m rxms and as they 
increase m size more in the direction parallel with the axis of the 
cartilage tlie amount of matrix separating them is reduced By 
this time the pencliondnum on the surface of the cartilage opposite 
to the center has developed osteoblasts vihich begin the formation 
of subperiosteal lamell'e upon the surface of the cartilage and the 
perichondrium is transformed into periosteum Opposite the 
center osteoclasts appear cuttmg into the cartilage followed bj 
( 210 ) 
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buds of embryonal tissue The osteoclasts dissolve away the 
remains of the cartilage matrix, opening up tjie spaces between the 
lacunjE and converting the rows of lacunie into irregular channels 
or primary marrow spaces Upon the spicules of calcified cartilage 
matrix, osteoblasts arrange themselves and begin to lay down 
lamelliE of bone These changes progress from the center in both 



Fio ISS — From a louRitudinnl section of a finger of a three-and-a-half-months 
liumnn embrj o o-tlnrds of the second phalanx is represented At X a periosteal 
bud IS to be seen (85 X) (Szymonowicz ) 


directions, and all stages, from the UTucal hyaline cartilage to the 
formation of bone, may be seen in one section These stages are 
illustrated by Figs. ISS, 1S9, and 190 
From now on the bone grows by progressive transformation of 
cartilage and by the growth of bone under the periosteum, which 
will be considered under Bone Growth. 
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Endomerobranoua Bone Formation —The bones which are not 
preformed m cartilage are formed directly from fibrous tissue 
This IS Well illustrated m the ni’indtblc In the region of Meckel s 
cartilage and between, it and tlie de\ doping tooth germs the roesen- 
chy me begins to show signs of specialization Delicate fibers appenr 
m the intercclluKr substance Along these the connectn e-tissue 
cells arrange themselves and, taking on the form of osteoblasts, 
hegm to hv down bone lamcllc (Tig 191) These stretch out 



through the mesenchyme forming a network of delicate spicules 
until they surround Meckd s cartilage and grow up to the buccal 
and the lingual of the tootli germs As soon as tJiis network of 
bone lamcllre, contuininj, embrvonal connective tissue m its pn 
roarj marrow spaces begins to tale on definite form there is a 
specialization of the mesenchvme surrounding it, developing into 
fibrous tissue which becomes a penosteuro From this tune onward 
the formation of bone progresses as wall be described under the 
growth of bont 
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Bone Growth. — ^If sections are cut transversely through the shaft 
of a long bone from a fetus, the surface will be found to be covered 
by a well-formed periosteum, which is actively laying down layers 
of subperiosteal bone The central portion of the bone is made 
up of a network of spicules surrounding primary marrow spaces. 



Fig 190 — From longitudinal section of a finger of a four months cmbrjo Onlj the 
dinphi bis of the second phalan.\ is represented (So X) (Szymonomez ) 


there being no true marrow cavity. The formation of the subperios- 
teal layers does not progress at a uniform rate at all points on the 
circumference, but they are piled up at certain points forming 
longitudinal ridges with grooves between them These grooves 
become arched across, enclosing part of the connective tissue of 
the inner layer of the periosteum, and contain bloodvessels and 
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nerves Soon after these spaces are enclosed absorptions begin in 
their walls destroying a large pnrt of the subperiosteal hmellaj 
and forming pnman marrow spaces As soon as these spaces 
have reached n certain size the absorptions stop, and osteoblasts 
appear upon the wall of the space and begin to lay down lamelW 



Fig J9l — Section through the lower law of on croboo sheep (lieealeified with 
pienc acid) At a aoJ immediately belon are seen the libers of n pnmitire marrow 
cavity lying close together and engaged iq the fonsation of the ground subsiacce 
of the bone while the cells of the marrow cavit> with thwr processes arrange 

th m cl'Woneilh r side of the newly formed tanjclte and functionate as osteoblasts 

fjlobm Davidoff Jlubcr) (300 X) 

Upon its circumference until an Haversian sy stem lias been produced 
nithanHaversiancimlnCitscenter 2nthfs«av the bone increases 
m diameter and this process continues until a considerable thickness 
of Haversian sv&tem bone is formed In all bone growth there vs 
the alternation of formatioa destmetfon and rebuilding and it 
must be remembered that this continues as long as the bone func- 
tions as an organ of support As the sh ift becomes larger the 
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primary marrow spaces at the center are enlarged by the absorp- 
tion, and a few lamelte are laid down again upon their walls, until 
finally m the central portion of the shaft the true marrow cavity 
is formed As the thickness of Haversian system bone becomes 
greater, absorptions occur in the Haversian canals, cutting out 
large, irregular channels, around which a few lamellae are laid down, 
and so the Haversian system bone becomes converted into cancel- 
lous bone and is opened into the marrow cavity as it grows larger 
Growth of Membrane Bones — The growth of the membrane bone 
progresses in a very similar way As soon as the periosteum is 
formed subperiosteal bone is laid down and converted into Haver- 
sian system bone, forming the compact plate of the surface, leav- 
ing the cancellous portion first formed at the center. When a 
certain thickness of compact bone has been formed, absorptions 
occur m the Haversian canals, converting the deeper portions into 
cancellous bone This process may be reversed. Absorptions may 
occur under the periosteum, cutting deeply into the Haversian 
system bone, and then a few subperiosteal layers laid down 
upon it "Wlien this occurs lamellee are laid down around the 
marrow spaces, converting the cancellous bone into Haversian 
system bone to maintain the required strength In this way the 
bones are moulded into shape, adapting them to the mechanical 
conditions to which they are subjected There is an oscillation 
between formation and destruction, by which the balance adapted 
to the mechanical conditions is maintained It has often been noted 
that bones are never allowed to become more bulky than is neces- 
sary to perform their function. 
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De&mtion — ^Thc periosteum is the formatne and protective 
membrane v\ Inch co\ era the outer surface of the bone All perios- 
teum has certain structural characteristics in common, but because 
of stnictural tlifferenccs two classes are recognized — attached and 
unattached — cadi of which maj be simple or compleT Perios 
tcum maj thus be classified as follows 

1 Unattached simple 

2 Unattacheil complex 

3 Attadied simple 

4 Attached complex 

Function of Penosteum —The importance to the dentist of a 
knowledge of the structure and function of the periosteum con 
8carcel> be exaggerated It Ins been the knowledge of this tissue 
and Its function tbit has led to all the adv ancement in bone surgerj 
of modern time Repair and regeneration of bone is largeh nccom 
phsbed through its ageno 

The periosteum forms the immediate covering of nil the bones 
and is continuous ov er their entire surface except the portion cov ered 
bj cartilage Eadi bone therefore has a periosteum of its own 
which docs not continue around the articulation to the bones with 
which it joins Bones that are united bj suture are however, 
covered bj a common penosteum If tlie flesh and overljing 
tissues are carefully removed from a long bone, the periosteum will 
be seen as a soiootli white, lustrous membrane having much the 
same appearance of a tendon on most of its surface But at some 
places which correspond to the positions where muscles or fascia 


»In the presentatwn of Ihia chapter it is impoanible adequately to express my 
indebtedness to Dr G V DIack Almost all of the illustrations sre taken from The 
Penosteum and Pendenlal Membrane publi^ed by him in 1887 I alwa^ 
felt that this book had neier received the attention it deserves Only one thousand 
copies of it were punted and they were not sold until the orthodontists exhausted 
the edition The book is now entirely out of pnat and is veiy difficult to obtain 1 
have studied this book for >esrs and have repealed almost all of the work desenbed 
in it but I have felt that it was tmpostbic for text book purposes to improve upon 
the illustraUons. 

( 222 ) 



FUNCTION OF PERIOSTEUM 


223 


were attached it appears ragged and dull, for the tissues had to 
be cut to separate them from the outer layer of the periosteum, 
to which they were firmly adherent In all other places the tissues 
separate easily in dissection, in faet, are not attached at all, except 
by the lightest of areolar tissue, which is very easily broken, and 
the tissues maj’’ be separated from the surface of the membrane 
with the finger or the handle of a scalpel. Now, if the periosteum 
is slit along a smooth surface with the scalpel and tlie handle 
inserted between the bone and the membrane, it will be found 
to separate readily from the bone over most of its surface If the 
process is watched closely, little strings will be seen apparently 
running from the periosteum to the bone, and being broken as they 
are separated. These are mostly small bloodvessels which are 
running into canals in the bone In this process the periosteum 
seems like a closely adapted sac or elastic glove, clothing the sur- 
face of the bone, as if surrounding it in a fibrous bag. If the sepa- 
ration of tlie periosteum from the bone is continued, it will be 
found that it does not separate as easily in all places. As the 
articular ends are approached it becomes suddenly fastened to the 
under] jcng bone, and the blade of the kmfe must be used. The 
periosteum now appears as a very thin, tough, and inelastic mem- 
brane, that is torn with difficulty, but it is so thin tliat it is difficult 
now to separate it from the bone v ithout cutting it through. When 
this point of attachment is reached it seems that the periosteum is 
sinking into the substance of the bone, and from the examination 
of its structure it is found that this is practically v hat has happened. 

Comparing the periosteum to a sac surrounding tlie bone, it is 
found sewed firmly down at the margin of the cartilage around 
the articular ends Besides the attachment around tlie cartilage, 
the periosteum will be found adherent in tlie following positions: 
Where muscles or fascia are attaclicd to the outer layer of the 
periosteum, wlierc it approaches the insertion of tendons or liga- 
ments, and where the skin or mucous membrane seem attached to 
the underlying bone, as around the auditory meatus, tlie gums, 
mucous membrane of the nose, etc. In all sucli positions tlie 
periosteum is firmly attached to the bone — m fact, becomes a part 
of it and tlirough thi^ medium the connections between muscles, 
fascia, etc , and the framework of the skeleton is accomplished 
'] his feature of the anatomy of the periosteum has ne\ er been 
studied in the detail it descr\es, especially by the dentist It is 
of the greatest importance in the management of the diseases of 
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bone especially those involving the formation of pus, for these 
lines of attnciiment determine the direction in nhich the pus will 
proceed along the surface of the bone ^Vhcn pus generated Within 
the bone reaches the surface, it will lift an unattached periosteum 
and run along the surface until it reaches a line of attachment 
Here it can penetrate the periosteum more easily than it can sepa 
rate it from the bone lien a line of attachment is reached there 
fore, the direction of the burrowing is determined bj the attached 
areas Ihc pus penetrates the periosteum more easily than it 
separates its attachments from the bone, but it lifts the unattached 
periosteum so eisil\ tliat it will often run along a line of attach 
ment for a long distame 

These factors often become of great importance m determmmg 
the position m which aUcohr abscesses will point For instance 
if an abscess from a bicuspid root or the mesial root of a molar, 
readies the surface of the bone obo\e the attachment of tlie buc 
cmator, it cannot penetrate its attachment and pass downward 
to open on the gum, but mas runouto\er the surface of the muscle 
and open on the cheek, producing the crow ’s foot scar so often seen 
An abscess from an upper cuspid may reach the surface of the bone 
m the canine fossa between the attadiments of the nasnlis and 
canmus, and lift the periosteum extending upward, and open at 
the inner canthus of the eye between the orbu-ulans and the angular 
head of the quadratus labii supicnons If these abscesses had been 
reached with a lance tiirough the mucous membrane, at the proper 
time, a disfiguring scar would have been avoided Accurate knowl 
edge of the attached layers of tlie periosteum would have made it 
certain tliat they could never promt m the mouth cavity without 
assistance 

Layers 0l the Periosteum — ^Penosteum is always composed of 
two distinct layers 

1 An outer or fibrous layer whicli is essentially protective and 
to which muscles and fascite are attached This may be either 
simple or complex 

2 An inner or osteogenetic faver which is essentially the ntal 
functioning layer and is, as its name indicates concerned with 
tlie formation of bone This may be cither simple or complex 

The Stractural Elements — ^The periosteum is composed of the 
followmg structural elements 

1 ^^^nte fibers in coarse bundles (in the outer lay er) 

2 White fibers m very fine bundles (in the inner layer) 
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3. Elastic fibers 

4 The penetrating fibers, or white fibers of the periosteum, that 
in the growth of bone are included in its substance. 

5. Embryonal connective-tissue cells. 

6. Osteoblasts or bone-forming cells 

7. Osteoclasts or bone-absorbing cells. 

Unattached Periosteum. — ^In the unattached periosteum the inner 
layer is always simple, and the outer layer may be either simple 



Fig 192 — Non-attached periosteum from the shaft of the femur of the kitten 
B, bone, O, layer of osteoblasts In the central portion of the figure they have been 
pulled slightly avay from the bone, displaying the processes to advantage It will 
be observed that the fibers of the penosteum do not enter the bone o, inner layer 
of fine white fibrous tissue (osteogenetic layer) showing the nuclei of the fibroblasts 
and a number of developing connective-tissue cells, which probably become osteo- 
blasts, c, outer layer, or coarse fibrous layer, in which fusiform fibroblasts are also 
rendered apparent by double staining with hematoxylin and carmine, d, some 
remains of the reticular tissue connecting the superimposed tissue with the penosteum 
(i*T immersion ) (Black ) 


or complex, depending apparently upon the requirements of pro- 
tection In general, the more exposed the position the thicker is 
the layer, and the larger and stronger the bundles of fibers of which 
it is composed 

Simple Unattached Penosteum — ^IVJiere the periosteum is covered 
by a thick layer of muscles which are not attached to it, as in the 
thigh, the thinnest and simplest form of periosteum is found An 
illustration, drawn by Dr Black, of the periosteum from the femur 
of a kitten will illustrate its structure (Fig 192) The outer layer 
15 



226 


PERIOSTEUM 


13 composed chiefly of bundles of white fibers, most of which run 
m a direction parallel witli the long axis of the bone The bundles 
are comparati\elj small and mudi flattened, so as to be quite 
ribbon like The inner lajcr contains a much greater number of 
cells Ijxng among extremely delicate fibers In its outer portion 
manj of the cells are cmbtjonnl m character In contact with 
the surface of the bone is a continuous lajer of osteoblasts which 
are building subperiosteal bone m the young animal, processes of 



Fid 193 — rcno8t«uin from the ebaft of the tibia of the pig Jeagthaise eectios 
ihovnng the complex anaoecmcnt of fibm id the coaree or outer fibrous layer tlist 
sometimes occurs under muscles that perform shdiog movements upon it B bone 
0 layer of osteoblasts The tissue has been pulled slightly amy from the bone in 
tnounliDg the secUon and port of the osteoblasts have clung to the bone some 
have clung to the tissues while Others are suspended midway their processes cliag 
ing to each a layer of fine fibers inner or osleogenetie layer of the penosteum 
6 first lamina of the coarse or outer fibrous layer the fibers of which are inthiscaso 
circumferential exposing the cut ends It wiU be observed that there aie ten lamina 
la the make up of the outer layer the lengthwise and circumferential fibers alternating 
The ones marked/and I are very delicate nbbon like forms which have shifted from 
their normal position in the mounting of the section so as to present their sides to 
view instead of their ends thus displaying their atructure to advantage The iliw 
tration shows how readily separable these lamina are I reticular tissue (A 
immersion ] (Black ) 


their cjtoplasm extending into the canalicuh of the matrix tvhich 
they hat e formed At one point m the illustration the osteoWasts 
are pulled off from the surface of the bone and show these processes 
stretched out of the canalicuh 

Complex Unattached Penosteum — In some places, especially 
where muscles or tendons perform sliding mo\enient3 over an 
unattached periosteum, the outer lajer, instead of being simp e 
maj be \erj complex This is illustrated in Dr Black s drawing 


Fig 194 — Simple attached penosteum o, bone, 6, osteoblasts, c, fibers of the 
inner layer, D, bloodvessels of the inner layer, outer layer, F, musele fibers at- 
tached to outer layer (Black ) 

ing them with it These fibers constitute the penetrating fibers. 
Tiiey were first described by Sharpey, and have been called Shar- 
pey’s fibers He, however, apparently did not understand their 
importance or manner of formation The fibers of the inner layer 
are built into the substance of the bone in this way wherever tissues 
are attached to the outer layer of the periosteum. 

Simple Attached Periosteum.— Where the pull of tissues attached 
to the outer layer of the periosteum is in one direction, the fibers 
of the inner layer are inclined in the same direction (Figs 194 and 
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195) As the surface of the bone is approached the fibers are 
gatliered into strong liundles to be inserte<l in the bone the osteo- 
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of their fibers At the junction of the outer and the inner layers 
many bloodvessels are seen 

Complex Attached Periosteum, — ^\¥here the pull upon the outer 
layer is in many directions, the fibers of the inner layer, after emerg- 
ing from the bone, break up into smaller bundles and anastomose 
m all directions, arching around to interlace with the fibers of the 
outer layer, and in this way they sustain force in all directions 
(Fig. 196) This is illustrated in Dr Black’s drawing of a section 
of attached periosteum from beneath the attachment of the muscles 
of the lower hp of a sheep 
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niC ATTACHMPNT OF THE TEPTII 

I 

That the teeth nre not a part of the osseous sjstem, but are 
append -igcs of the bhm supportet! m mm bj a special detelopment 
of bone forming the alveolar ridges of the matillarj bones is as 
well established as nnj fact concerning human dentition The 
work of Oscar Hertnig published m 1874, establislied verj clearh 
the homologj existing between tlie teeth and the dermal or placoid 
scales of the ganoid, sdurioid and dipnoan fishes both as to sinit 
lantj of structure and development 

JIuch has been mitten descnptn e of the teeth of \ anous animals 
their modifications of form, and attachment to adapt them to 
modifications of function and various classifications of the means 
of attachment have been made Of these, perliaps the best and 
most logical is given by Charles Tomes m his Dental Anatomy 
describing four forms of attachment (1) By fibrous membrane 
(2) by hinge-jomt, (3) by ank>Iosis, (4) b> insertion m a sochet 
or gomphosis 

These various forms of ottichment will be taken up, and if 
possible the comparison between them and the evolution of the 
more complicated forms from the simpler will be shown The studj 
must begin with an examination of the structure and attachment 
of tlie placoid scales and the simplest form of tooth, as illustrated 
in the shark 

Structure ol Dennal Scales —The dermal scales are composed 
of a comcal cap of calcified tissue developed from witliin outward, 
b\ an epithelial organ and <»ccevpondmg m structure to tlie 
enamel This cap is supported upon a conical papilla of ciktScd 
tissue formed from without inward and corresponding to dentin 
In the outer lajer the arrangement of the fine tubules through the 
calcified matrix correspond very doselv to human dentin, but m 
tlie inner portions it is to be understood only b> considering the 
formation of the dentin as progressing irregularlj over the surface 
of the pulp and so dividing the pulp tissue into portions enclosed 
m large canals from which the fine tubules radiate The base of 
( 230 ) 
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this partially calcified papilla has a calcified connective tissue 
built on to it by the derma or connective-tissue layer of the skin, 
which corresponds to cementum forming the basal plate, spreading 
out more or less in the connective-tissue layer of the skin, and 
into which the fibers of this layer are built, so attaching the denticle 
or dermal scale to the deep layer of the coreum. This tissue very 
exactly resembles cementum It is formed on the dentin as the 
cementum of a human tooth is, and shows the connective-tissue 
fibers embedded in it In the ganoids the basal plates of adjoining 
scales unite, forming the armor plates of such fish as the sturgeon 
and gar-pike, and the dentical remains projecting from the surface 
of the plates. 



Fig 107 — Showing additions of bone of attachment toj]the bone of the jaw. 

(Tomes ) 

Attachment by Fibrous Membrane — ^In the simplest teeth, as of 
the shark (Lamna cornubica. Fig. 3), which are typical dermal 
scales, there is an exactly similar method of attachment, which 
may be taken as the simplest and most rudimentarj^, or attachment 
in a fibrous membrane That is, there is no development or modi- 
fication of the arch of the jaw, and the teeth have no direct attach- 
ment to the bone, in fact (Fig 197), the jaws themselves are chiefly 
cartilage 

Attachment by Hinge Joint.—Tlie formation of the hinge attach- 
ment as illustrated in many of the fishes (Fig. 198), may 
be understood as a modification of the attacliment in a fibrous 
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membrane in n more }ughl> specialized creature Uiese hinged 
teeth arc found m man> fishes and m tlic poison fangs of snakes 
The 3a\\s arc calcified, and the basal plate or cementum maa be 
considered as confined to or spcaall^ dea eloped on, one side of 
the dentm papilla, aahich is also more highly developed especiallj 
in snakes This cementum is built and calcified around the fibers 
of the fibrous tissue nhich pass directly to tlie bone of the jaw 



Fio 19S -—Attachment by hinge joint Tooth of n hake a lasodentm 6 pulp 
e elastic hinge d buttress to receiTO/ fonnedoutof bone of attachment t bone 
of jaw / thickened base of tooth p enamel tip (Tomes ) 

at that point This bone is to be regarded as an addition to the 
jaw spccialK clca eloped for eadi tooth Thus there is not onlj a 
modification in the arrangement of the cementum, but a de\eIop 
ment of bone for attacliraent of the tooth The blood\ essels pass 
through the fibers of the hinge to the pulp, and are not affected bs 
the motion of the tooth on the binge, m fact, the pulp seems to be 
attaclied to tlie hinge There are manj complications of this 
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method of attachment, but this may be taken as the type and the 
manner of its modification from the rudimentary conditions The 
distinction, in this form of attachment, from the dermal scale con- 
sists in a modification of the arrangement of the cementum of the 
basal plate and a development of bone from the jaw to attach 
fibers which pass directly from cementum to bone It should also 
be said that there are developments in the hinge teeth related to 
the third form of attachment, namely, ankylosis, which cannot 
be understood until this form is studied 

Attachment by Ankylosis. — ^The third form of attachment, anky- 
losis (Fig. 199), or direct calcified union with the bone of the jaw, 
cannot be understood without a careful study of the nature and 
formation of the dentin in these rudimentary teeth It is evident, 
from a study of the dentin of the dermal scales, that compared 
with human dentin, the tissue is rudimentary and not differentiated 
from other similar connective tissues The tubules are compara- 
tively very irregular, and resemble strikingly the tubules found m 
the secondary dentin formed by a degenerating pulp The odonto- 
blasts, or dentin-forming cells, are not like the highly specialized 
cells which form the primary human dentin, but resemble very 
closelj" simple spindle-shaped connective-tissue cells The nucleus 
IS larger and oval in form, and the protoplasm stretches off from 
it in one direction into a fibril instead of in two directions into a 
spindle The cells are much smaller than human odontoblasts and 
nearer the size of ordinary spindle cells of the human pulp. In 
fact, they look more like specially developed spindle cells than 
odontoblasts The formation of dentin begins on the surface, at 
the apex of a cone-shaped papilla of connective tissue, and proceeds 
inward. If the formation continues uniformly over the surface 
of the papilla, a solid layer of finc-tubuled dentin results, but it 
often proceeds irregularly, apparently having special reference 
to the neighborhood of bloodvessels, so that irregular projections 
of dcntm are found on its inner surface, dividing the pulp more or 
less into portions enclosed in larger channels or tubes. These may 
be very regular in arrangement and form around bloodvessefs 
loops embedding the bloodvessel in the calcified tissue, producing 
wliat has been called vaso or vascular dentin, but the formation 
is still from the surface of the pulp until it is obliterated, except 
for what remains in the larger canals. As distinguished from this 
formation of dentin ve find in the bo(]y of the dental papilla of 
many fishes the formation of spicules of calcified tissue, uhich 
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resemble neither dentm nor typical bone, shooting down throuf,h 
the substance of the pulp Tliej are more to be compared with 
the first formation of bone m membranes or in the embrjonal 
connects e tissue of thelM)d\ of theliuman jiw, which is afterward 




Fio 199 — Tooth of if^rus showing »Wachnienl by ankjloais 1 verticil section 
of file pharyngeal teeth of Scaius muncfttus S section of n einglo tooth magnifieif 
a osteodentin 6 dentin c enamel d cemenlum S tenmnation of a single 
dentinal tubule (Owen ) 

removed by absorption and replaced bj true Haversian sjstem 
bone These calcifications contain lactinT, and have tubules or 
canahculi running through them and so, as Tomes sajs are inter 
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mediate between dentin and bone They dmde the pulp into 
irregular spaces, and interdigitate, or perhaps actually join, the 
formation of dentin which has been progressing from the surface 
of the pulp. These spicules run down into the bone of the jaw, 
forming an actual calcified attachment for the tooth with the 
jaw; but in this view of it, it is to be regarded as a calcification or 
rather a formation of bone in tlie pulp papilla interlocking with 
the dentin In some of the fishes, as in Scarus, there is at the same 
time the remains of the cementum of the basal plate formed on the 
outside of the dentin around the base of the cone Ankylosis is 
confined to the teeth of many fishes, and may be stated as a modi- 
fication from the dermal scale, resulting in the reduction or loss of 



Fig 200 — A, diagrams of tran\crse sections through the jaws of reptiles shomng 
pleurodont (a), acrodont (6), and thecodont (c) dentitions B a, loiver jawof Zootoca 
nvipara; 6, of anguis fragihs (After Leydig ) Weidersheim, Comparative 
Anatomy of Vertebrates ) 


tlie basal plate and an ossification of tlie pulp continuing through 
the connective tissue at the base of the pulp to the body of the jaw 
Attachment by Implantation in Socket, — The development of the 
fourth form of attachment, by implantation in a socket, seems to 
be an evolution starting from the same point but proceeding in 
a different direction (Fig 200) It is associated with the very 
great increase in the size of the teeth and consequent necessity for 
a stronger attachment. The evolution of this is illustrated in the 
teeth of reptiles Weidersheim classifies the teetli of reptiles as 
(1) resting upon a ledge on the lingual side of the jaw— pleurodont 
dentition, (2) resting on a slight ridge around them — acrodont 
dentition, (3) lodged in permanent alveoli, as in the crocodile — 
thecodont dentition. These three classes illustrate three stages in 
the development of the socket metliod of attachment 
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In the simplest form tlicre is a cone-shaped tooth attached 
to the bone around its base, bj the fibers being built into the 
cementum and bone There is little modification of the rudimentar> 
form, and little development of bone for its attachment In a 
higher form the tooth has become long or peg shaped, and the bone 
has grown up around a portion of it to support it, but it is attached 
to the bone by connective tissue fibers, being built into the cemen 
turn on the surface of the tooth and into the bone of attachment on 
the jaw The development of the form of the tooth to the peg from 
the cone maj be imderstood as a continuing of tlie development of 
odontoblasts, and the formation of dentin (which alna>s begins 
at the apex of the cone) farther and farther down the sides of the 
dental papillic Then the formation of the cementum, whicli begins 
around the base of the cone and continues down on the outside of 
the calcified dentin, covering its outer surface, and building the 
connective tissue fibers into the tooth The dev elopment of bone 
accompanies, or rather follows tint of the tooth building the 
other ends of these fibers into the bone whicli is developed to 
support the tooth 

Summary —To review the subject matter of this chapter all 
teeth have been evolved from the simple placoid scale In the 
simplest forms as in the teeth of the shark, there is no relation 
to the bone whatever but the fibers of the subcutaneous tissue 
are built into the basal plate of cementum As the tooth becomes 
larger and demands more support, there is added to the bone of 
the jaw that which Tomes has called bone of attachment The 
osteoblasts build up additions to the jaw which surround and 
embed the fibers, so that the fibers which were originallj m the 
subcutaneous tissue are fastened to the bone at one end and to 
the cementum at the other Tlie evolutions of attachment by 
hinge joint and by gomphosis are therefore direct evolutions from 
the simple attachment in membrane The form of ankjlosis is 
also evolved from the simplest type but in this case the bone of 
attachment is associated with the pulp, and the formation of bone 
and dentin become interlocked and united 



CHAPTER XX. 


THE PERIDENTAL IMEMBRANE 


one sense the peridental membrane may be considered as the 
most important tissue to the dentist, for upon it the usefulness 
of the teeth and their comfort to the individual is dependent. It 
makes no difference how perfect a crown may be, or how perfectly 
any damage which may have occurred to it may have been restored, 
unless the peridental membrane is in a healthy and fairly normal 
condition, the tooth will be useless, and the individual would be 
much more comfortable without it 

Definition — ^The peridental membrane may be defined as that 
tissue which fills the space between the surface of the root and the 
bony wall of its alveolus, surrounds the root occlusally from the 
border of the alveolus, and supports the gingivae. It is necessary 
to emphasize the three parts of the definition The peridental 
membrane does not stop at the border of the bone, but continues 
to surround the root as far as the tissues are attached to it In 
general, the dental profession has thought of the peridental mem- 
brane as only that tissue which occupies the space between the 
root and the wall of its alveolus As will be seen from a study of 
sections later (Figs 203 and 204), the structure of the tissue sur- 
rounding the root between the gingival line and the border of the 
process is essentially the same as that in the alveolus, and quite 
different from the much coarser fibrous mat forming the submucous 
layer of the gum tissue. The peridental membrane also extends 
into the free margin of the gum and is the means of its support, 
holding the gmgivEe close to the surface of the tooth and supporting 
them in the interproximal spaces The importance of this portion 
of the peridental membrane and tlie functions which it performs 
have been strongly emphasized in the last few years, in their rela- 
tion to the extensions of caries and the beginnings of pyorrhea, 
hlost of the diseases of the peridental membrane which result in 
the final loss of the teeth have their beginnings in this portion. 

Nomenclature. — ^The peridental membrane belongs to the class 
of fibrous membranes which form the covering of organs, the cap- 

( 237 ) 
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sules of glands, and especially those memlirancs wjiicli co^ er the 
organs of support Its closest rcKtisc is the periosteum in the 
attached portions witJi \\liich it has manv points of structure 
in common but it differs from the periosteum in any position in 
important respects It Ins often been called the alveodental 
periosteum but tins name implies that the periosteum is folded 
doiMj into the ah coins and back upon the surface of the root 
uliich IS an cntireh erroneous conception of the membrane This 
idea would imply that it was a double membrane haaing one layer 
coaering the bone and another coacring the root, the two unituig 
m the middle portions But instead, the periosteum must be 



Fio 201 — PrainnE to ahoit ihe airanccRKot of the libera in a labioliaRual eection 
through an incisor of a kitten (Black ) 

considered ns stopping at ti>e Iwrtler of the aheolus,* and being 
united with the peridental membrane around its circumference 
Man\ writers use the word pencementum in place of peridental 
membrane The author prefers and in this book will use, the term 
peridental membr me thougJi the tiro are swnonyanous 
PiTisions — Purely for convenience m description, the peridental 
membrane is divided into three portions The gingital portion 
that portion of the membrane which surrounds the root occlusally 

• The student must be reminded that the word alveolua means a hole and the 
alTCotar process the portion of the bone which contains the holes In dental 
the word alveolus has often been incorrectly used in place of process or alveolar 
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from the border of the alveolar process and supports the gingivae; 
the alveolar porhon, the portion of the membrane from the border 



A 1 DiaKram of the fibers of the pendonta! membrane G, gingival portion • 
Al . ahcolar portion, Ap , apical portion ' ■ • ’ ¥"Kivai portion, 

incisor of sheep ) 


_ f pui uun; 

U'rom a photograph of a section from 
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of tlie process to the region of the apcr of the root and the apical 
portion, ^^luch surrounds the apex of the root and fills the apical 
spice These are illustrated m the diagram (Figs 201 and 202) 
The Structural Elements — ^ITiese are (I) White connective- 
tissue fibers, (2) fibroblasts (3) ccmcntoblasts (4) osteoblasts (o) 
osteoclasts, (G) epithelial structures which have sometimes been 
called the glands of the peridental membrane, (7) bloodvessels, 
(8) nerves, (9) lymphatic vessels 
Functions — ^TJie peridental membrane performs three functions 
(1) A physical function — it maintains the tooth m relation to the 
adjacent hard and soft tissues (2) A \ ital function — the formation 
of bone on the alveolar wall and of cementum on the surface of 
the root (3) A sensory function — the sensation of touch for the 
tooth being exclusivelj m this membrane 
It is necessarj to emphasize tJie two parts of the phjsical func 
tion the peridental membrane not onij supports Uie teeth m their 
relation to the bones which carrv them, and sustains them against 
the forces of occlusion and mastication, but it also sustains the 
soft tissues in tlieir proper relation to the teeth The second part 
of the phjsical function is fully as important ns tlie first, and the 
study of the structure of the tissue related to it and the adaptation 
of the form of tlie gingivrc to the anatomic form of the teeth and 
alveolar process are important considerations whicli should never 
be lost sight of m the mahing of artificial crowns 
Classes of Fibrous Tissue — The fibrous tissue of the peridental 
membrane is entirely of the white variety, but may be divided 
into two classes The principal fibers and the indifferent or mUr 
shiial tissue The former perform the physical function of the 
membrane the latter simply fill m spaces betw een the bundles of 
fibers and surround and accompany the bloodvessels and the 
nerv es 

The Principal Fibers of the Pendental Membrane — These mav 
be defined as the fibers which springing from the cementum, are 
attache<l at their other extremities to the connectiv e tissue support 
ing the epithelium the fibrous mat of tJie gum tissue the cementum 
of the approximating tooth the outer lay er of the periosteum at 
the border of the alveolar process or the bone of tlie alveolar wall 
Arrangement — The principal fibers literally spring from the 
cementum the cementoblasts building up the matrix around them 
and then calcifying both the matrix and the fibers, in this way 
attaching them to the surface of the root In most places the fibers 
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as they spring from the cementum appear as good-sized bundles 
A short distance from the surface of the root they may break up 
into smaller bundles which anastomose and interlace, passing 
around bloodvessels and other fibers in their course and being 
again united into large bundles for attachment at their other 
extremity 

To arrive at an understanding of the arrangement of the fibers 
of the peridental membrane, sections must be cut longitudinally, 
both from buccal to lingual and from mesial to distal, and trans- 
versely through all portions of the membrane. It therefore requires 
the study of many sections to work out a complete conception 
After studying them out completely in this way one is impressed 
with the beautiful adaptation of their arrangement to sustain the 
tooth against all the forces to which it is subjected, and to support 
the free margin of the gum, so that it will he closely against the 
gmgi\'al portion of the enamel It is necessary, however, to remind 
the student that connective tissues are formed in response to 
mechanical conditions and stimuli, and therefore this arrangement 
must be considered, not as having' been designed to sustain the 
forces, but as being the result of the forces to be sustained, and 
therefore beautifully adapted to them. 

The principal fibers of the peridental membrane are naturally 
divided into a number of groups which differ m their arrangement 
and function In his latest book, Special Dental Pathology, Dr. 
Black has given descriptive names to these groups Passing from 
the gingival line toward the apex of the root these groups are 
(1) The /rce gingival group, the fibers of which pass from the cemen- 
tum occlusally into the gingiva to support it, (2) the iram-septal 
group, passing from tooth to tooth, and supporting the inter- 
proximal gingivas, (3) the alceolai crest group passing from the 
cementum to the outer layer of the periosteum on the labial and 
lingual and to the crest of the alveolar process on the mesial and 
distal, (4) the horizontal group in the occlusal third of the alveolar 
portion and passing at right angles to the axis of the tooth from 
the cementum to the bone, (5) the oblique group m the apical 
two-thirds of the alveolar portion and inclined occlusally as they 
pass from cementum to bone; (6) the apical group, the group of 
fibers radiating from the apex of the root to the bone around the 
apical space 

Beginning at the gingival line, the fibers springing from the 
cementum pass out at a short distance at right angles to its surface 
10 
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and then bend sharplj to the occlusal passing up into the gingnie 
and uniting with the fibrous mat whidi supports the tpithelmm 
Thise are mucJi more stronglj marked on the lingual than on the 
labial gmgiNie, because in mastication the lingual gingivaj recenes 
more pressure of food which would tend to crush it down (the free 
gingival group) A little deeper the fibers springing from the 
cementum on the lahnl and lingual pass out at right angles to 
the cementum and are lost in the coarser fibrous mat of the gum 
tissue The distance which the> extend before being lost in the 
coarser fibers is alwavs greater on the lingual than on the labia! 
On the proximal sides the fibers springing from the cementum at 
the same level branch and interlace, passing across the inter 
proximal space, to be attached to the cementum of the approxi 
mating tooth These fibers are of the greatest importance as 
thev produce the basket work which forms the supporting frame 
work for the mterjiroximal gingivm (the trans-septal group) A 
httic farther apicallj the fibers os tliej come from the cementum 
arc inclined apicallv A short distance from the cementum thev 
unite into verv large and strong bundles which join with the fibers 
of the outer laver of the periosteum extending over the labial 
and lingual border of the alveolar process (the alveolar crest group) 
On the proximal sides the fibers at this level are attached to the 
cementum of the adjoining tooth or arc inclined apicallj to be 
inserted m the hone of the septum (the alveolar crest group) These 
large bundles form a distinct liver, which has been called the dental 
ligament because thej bind the teeth together across the septum 
and attach them to the outer lajer of the periosteum on the 
labial and lingual borders of the alveolar process Thej are the 
onlv fibers which hold the teeth down in its socket At the border 
of tlie alveolar process and in the occlusal third of the alveolar 
portion tlie fibers pa«!s dirtctlj from the cementum to the bone 
at right angles to the axis of the tooth (the horizontal group) In 
thi'^ position the fibers are larger and stronger and show less ten 
denev to break up into smaller bundles in their course than in 
anv other portion of the membrane In tlie middle and apical 
thirds of the alveolar portion the fibere are inclined occlusally as 
thej pass from the cementum to the bone Thej spring from the 
cementum m compact bundles, and show a strong tendencj to 
break up into fan shaped fnsaculi spreading out as they approach 
the bone to be attached over a larger area of the abeo/ar nail 
These fibers hterallj swing the tooth m its socket and support it 
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Longiludinal Section ol Peridental Membrane 

St norJ ith heni^tON \ li n nncl eo«^m Show incj pni t oT tlio ling uni qi ngi vus 
vtnd border of the n*veoK'u proces'^ 




'-re COlicl'O CTOUp''- 
cxTxicnuun o\u in oil nit^v- 


against the forces o. ir:a;^ra: 

region fibers springing rrsni .ne into the bone 

tions, spreading on: in die same rmy to eeu-nio . ^ 
forming the trail of the npicab r.-eo .the .'pt«-l grotif '■ 

If force is e-tened rgainst the l.ngnat sv.r..-.ee o, . u • 

fibers on the lingual side of the root in the oodnsal : ' . ; ! 

part of the strain, preventing the crotvri trom motni.e lalnallt . 



Fig 203 — Longitudinal section of the peridental membrane in the gingival 
from a lamb (the labial gmgivus) 


poi tillll, 


and at the same time the fibers on the labial side of t lo i oo n' 
apical space will also be under strain, preventing 1 lo <ip(N <> 
root from moving lingually The general plan o miniigdiun. 
vhich has been described is illustrated in Dr Black s ( lagi am ntiu^ ( 
from a labiolingual section of an incisor of a young vilUn ( dt '■ 

201 and 202). . , • r • I . l 

With this general plane of arrangement in mind nidiVKliml 

sections may be studied, examining the arrangciricni am npjHiu 


244 


™ '‘^niDEKTtr 
Of the ^ 

^mpin/ „ I 

”■■0 no ' “''!" ■‘"'I tizr S" "-f 

^ "'''''■ '"''‘or 


fV*- 

'.’r^ ■'■ 


is 


ivs. 






r/^ 




at the nm 0/ (As 


«Ou/f/ i,t ‘fee nm 0 / (Ai 

“■■o '<■-■' ntlKl "f' "'». (ir' tlio cnime; r„ 7 

portion and renn'™'," ^ tn„s',eree’^? P™o»'‘'"m 

throij^J, the ^^,n, thex ^tions m the cinsnn] 

,'"'= 'If ; the ' f fcoterter 

»en undat /; th' ''';™ "n Uie J,|,„? <o the gwgi^el 

"■^ linin' “f «.e jinji.a 

‘ '«'nE'''iJ spTO On(ie 


ARUANGEUmf 


245 



Fig 205 — Longitudinal section of peridental membrane of young sheep, slion mg 
fibers penetrating the cementum D, dentin, C, cementum, showing embedded 
fibers, F, fibers running to the outer layer of the periosteum, cohering the alveolar 
process, F', fibers running to the bone at the border of the process, S, bone (About 

so X) 
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proximal sid«.i> of the roots the fibers will be seen passing from the 
cemeiitum of one tooth to that of the next I ig 207 is a little 
deeper and shows the hl>crs attached around the entire circum 
ftrence of the root Uctmnuig at the middit of the labial surface, 
the fibers will be found springing from the cementum and passing 
out at right angles to it, to be lost m the fibrous mat supporting 
tiic epithelium The fine fibers of the peridental membrane can 
be followed for about half the distance to the epithelimn before 
thej arc lost in the toarwtr mat of gum tissue and a fairly definite 
honndnrx will ho seen between what should be considered pen 



t»i 0< — Irtiti .r<« o j«{ihe$icrKl MUlmcmbraaemthe©06i‘-alpomon 
fr ni \ urp h [ | f %w t mporar) lucuors are cut ncruM lOiB «?>»«“ 

liun 111 inj. ilic kiiiBi' »l j jt > sl>«**n pvrt way arountl one < 
labial siirfa i of i,uipvi P i itlulium lining ih* giQSi'ol Space (About w X; 

dental mtinbrino im! the gum tu-^ue ^s the distolabiai angle 
of the root i ipproifhod the fibers passing from the cementum 
tend to •’Win^ iround distdh and pass to the mesiohbial ange 
of the adjoining tooth \loii,, the proximal surface tht. 
which supports tin interproximal ^.ingivus is well shown a e 
fibers spriUpiiig from the ffmentum interlace and pass arou 
bloodtes'.ils ind hhtri whifli arc pisbiUe. up mto the 
finallj arc in irtid mto the (tmciitum of tiie next tooth In t « 
wa\ it will he setn that tin ttttli in the entire arch arefirinh noun 
together b\ the hhirs in the gingical portion This explains « 




PLATE XVI 



Transverse Section of Peridental Membrane 

stained with hematoxylin and eosin AKeolar portion 
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way in which the positions of all the teeth are affected by the loss 
of a single one in the arch, and the way m which the movement of 
one tooth will draw its neighbors after it. It also explains the 
separation of the central incisors when the frenum labium passes 
through between the teeth, and is inserted on the lingual surface 
of the alveolar process If these incisors are to be held together 
permanently, normal attachment of fibers extending from the 



Fig 207 — Tnn«\orsc Eoction of the peridental membrane in the gmsival portion 
(from sheep) L, cpithchum, F, fibrous tissue of gum, B, point r%here peridental 
membrane fillers arc lost in fibrous mat of the gum, P, pulp, F', fibers e-ctending 
from tooth to tooth (About 30 X) 


cemcntiim of one tooth to that of the other must be secured The 
fibers in this area are also well shown in Fig. 20S, and it can be 
understood how tliey form foundation upon which the interproximal 
gingit a rests. Fhe first step in the sagging of the interproximal 
gum tissue is tlie cutting oft of the fibers from the cementnm, nhere 
it bends occlusally, following the curve of the gingival line on the 
proximal surface. 



Tjo '•os — A portion of the peridental mtmbrane belirwn tiro jnciwrs ot a >oune 
aheep ahonioe the fibers extending from tooth to tooth 



fio '’09 — F t rs ai the brrde I the aUcoIar process (from sheep) D denPn 
C cementum P fibers eTfenihng Iron cemrt turn to booe Dl bloodi'easel " 
b„oe (^boutSOX) 
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Diagram of Peridental Membrane 


M muscle fibers, /'ir, perioRteum, h rientin, pulp, Cm, ft inentiim, /V, 
perKlrniril UK-mlirrinc riherr, ,1/, bone fit the nlveoliir proeenh 
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Plate shows a transverse section in the occlusal third of the 

alveolar portion from the incisor of a sheep Lpon the labial a 
few muscle fibers are seen and the periosteum covering the labial 
smface of the process Notice the medullary spaces in the bone 
and the canals opening into the peridental membrane and perios- 
teum. The light line forming the outer boundary of the dentin is 
characteristic Two layers of cementmn are seen, and notice 
the thickening of the layer where strong bundles are attached. 
At the middle of the labial surface the fibers pass at right angles 
to the cementum and are attached to the bone, but as the distolabial 
angle of tlie root is approached the bundles swing distally to be 
attached in tlie bone. In Plate N\Tn, which was drawn very care- 
fully from this section, the arrangement of the fibers is shown dia- 
grammatically. Notice the way in which they pass over and 
under each other and around the bloodvessels which wind through 
them This relation to the bloodvessels is important, and will be 
considered again later in connection vdth the blood supply of the 
membrane The tangential fibers at tlie angle of the root hold 
the tooth against the forces which tend to rotate it in its socket 
They are important in connection with all rotating movements in 
orthodontia. It has long been noted that rotations were the hardest 
movements to retain, especially if the tooth were moved in no 
otlier direction In this case, if the tooth were turned mesiallv 
the fibers at the distolabial angle would spring the thin plate of the 
alveolar process as a bow is bent, leaving a condition of stress in 
the tissue which will tend to sprmg back into its old position and 
drag the tooth with it. Notice the greater thickness of the mem- 
brane on the lingual as compared with the labial Figs. 205 and 
209 show longitudinal sections at the border of the alveolar process. 
Notice that the fibers can be seen running through the entire thick- 
ness of the cementum. They are large, strong fibers and branch 
very little in their course. Note the bloodvessel that is shown in 
several of these sections, and the way in which it gives off branches 
passing over the border of the processes and toward the cementum. 
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THE CELLri VII ELEMENTS 01 Tilt PEaiDEMAL 
MEMBRANE 

Fibroblasts — 1 ht fihrobhsts are foun<I c\ cr^ \rhcrc bttwten the 
fibers whjcli tJiti fiaic fornjtrJ ami to nbicb tliei Tfce} 

art. s{*im!l< shiptti or stdhtt connective tissue. ccHs having a 
more or less fKtttnctl mitlcu'* and a IkkIj of gramilnr t-vsloplnsro, 



Fio 210 — 1 Jbir a/id 111 roWosIs from tmimcrse section of merotrsoc f fibers 

cut tiansrersei> F‘ hU.r» ml iougiludtnally showing fibroblasts (About SO X) 

which IS Sfp}ec.^ed out into thm projections between the fibers 
In sections stamul w itli lum itoxv lin the cells take the '‘tain strongl) 
and the fibers rein nn tU ir ihig 210) In this waj the fibers are 
marked out bv the etJU which he between them The number of 
the fibrobJasts in the uitnihrane decreases with age Thej ata 
large and numerous m tlie intmbranc of n nervjj erupted tooth an 
are comparativcK snuU and few m the membniie iround an o 

tooth This ic however chirurteristic of fibroblasts m connective 

tissue generaliv fig 210 Ujowsa small field taken from the gingiva 
portion of the membrane between the teeth Tlie ma^nnea ion 
13 low, the photograph being made witli a | objective The ce s 
(2o0) 
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are seen as little dark dots lying between the fibers, which are 
clear. Where the fibers are cut longitudinally they appear spindle- 
shaped, but where the fibers are cut across they appear star-shaped 
They will be seen better in photographs made with higher magnifi- 
cation, but an adequate idea of their form can only be obtained 
by studying sections very carefully with a ^ or objective and 
using the fine adjustment to gain an idea of the third dimension 
of space They are shown in many of the illustrations of the 
epithelial structures 

Cementoblasts. — ^The cementoblasts are the cells which form 
cementum They cover the surface of the root everyvdiere between 
the fibers which are embedded in the tissue. While these cells 
perform the same function for the cementum as the osteoblasts 
do for bone, they are quite different in form They are always 



Fig 211 — Isolated cementoblasts, 
showing the form of the cell as it fits 
around the fibers spnngmg from the 
cementum (Black ) 



Fig 212 — Cementoblasts as seen in 
a section at a tangent to the root and 
just missing the cementum The fibers 
are left white, the cells are shaded. 
(Black ) 


flattened cells, sometimes almost scale-like, and when seen from 
above, very irregular in outline. This irregularity in outline is 
due to the projections of the cytoplasm around the fibers as they 
spring from the cementum, the edges of the cell being notched and 
scalloped to fit about them There is a central mass of granular 
cytoplasm which contains an oval and more or less flattened 
nucleus, from which the cytoplasm extends in projections passing 
partly around the fibers. Isolated cementoblasts are shown in 
Fig. 211, dranm by Dr. Black. In order to obtain an idea of the 
form of the cementoblasts, sections must be cut at a tangent to 
the surface of the root, and just missing the surface of the cemen- 
tum In this way the fibers are cut across and the cementoblasts 
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must be m a normal and vitally active condition, and the surface 
of the root must be such that they can lie in phvsiological contact 



Fig 213 — Penetrating fibers in bone A field from Plate XIX Pd M, peridental 
membrane, Ob\ osteoblasts of pendental membrane, OP, osteoblasts of meduUarj 
space, Pd B, solid subpendentil and subperiosteal bone ^vlth embedded fibers, 
Ms, medullary space formed bj’ absorption of the sohd subperidental bone mth 
embedded fibers, H B, HaAersian system bone n-ithout fibers built around the 
medullaiy space (About 200 X) 


vrith it The cure of a pyorriiea case therefore becomes a biological 
problem. In this connection it is important to remember that a 
surface of cementum vhich has long been bathed in pus may be so 
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filled with poison that no cell can lie in contact with it and perform 
its functions 

Osteoblasts — ^The osteoblasts of the peridental membrane are 
cxactlj like osteoblasts in other positions Thej cover the surface 
of the bone of the alveolar wall Ijing between the libers which 
are embedded m it Even m the >oung subject the> are not found 
m ev er> position, w hile in an adjoining area the surface of the hone 
raaj be covered with them In the old subject they are generally 
absent or have been reduced to flattened scales which are verj 
difficult to demonstrate but even in these cases areas will be 
found in which osteoblasts are present These are areas of active 
bone formation 7?ie osteoblasts laj dow n bone etactlj as occurs 
in atticlied portions of the periosteum, but after a little thickness 
of this solid peridental bone has been formed it is perforated by 
penetrating canals, on the walU of whicli absorptions occur form 
mg spaces about which new Haversian sjstem bone is formed 
This IS illu3trate<l m Plate \I\ In this vrav only sufficient sub 
peridental bone is left to furnish an attachment for the fibers. 

Pig 213 shows a higher magnification of a small area The 
osteoblasts are seen between the fibers on the surface of the alv eolus, 
and the fibers can be followed through the subpendental bone 
\ large absorption area has been formed which has been partlj 
rebuilt, and the new formed bone without embedded fibers is 
lighter m color An understanding of this budding and rebuilding 
of bone through the agencj of the peridental membrane is neces 
sary to understand the development of the face and everything in 
connection w ith tooth mov ement whether phy siological or artificial 

Osteoclasts — ^The osteoclasts of the peridental membrane ore 
not constant elements They appear and disappear m response 
to the same conditions which lead to their appearance and disap- 
pearance in bone They arealwaysfarge multinuclear cells having 
from three or four to thirty of forty nuclei (Fig 214) Thev may 
appear upon tlie surface of the cementum upon the surface of the 
alveolar wall, or within the medullary spaces of the bone They 
are formed from embry onal cells m the tissue in response to mechan 
ical stimuli Morphologically thev are in no respect different from 
the osteoclasts in bone 

The osteoclasts are tissue destroyers and are the active agents 
jn the removal of anv hard tissue There is no difference m them 
whether they are destroving the fibrous tissue bone ccmenlum 
or dentm (Fig 215) In order for them to act their cytoplasm 
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must lie in actual contact v.ith the surface to be attacked They 
do not first decalcify and then remove, but apparently by appl^ ins 
their cxtopla'^m to its surface the cells destroy the intercellular 
substance, forming hollo^^s in the surface, into ^\hich the cells 
sink These hollows have been called Hou ship’s lacuna?. The 
cells usually appear in groups and spread out over the bone or 
eementum to be attacked, but sometimes only two or three will 
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^\htne\(.r absorption is poingon formition is also going on in an 
adjoining area In this wa\ the ftinctioti of the tissue is maintained 
until the last remnants of it aredestroitil *1 he genera! statement 
mas be made that bont formation is alnavs actompamed bj bone 
destruction, and bone destruction bj rebmkiing TJicresultdenends 




Fto »IS —OsCea lasts ifi aucell>u Une ne>r the pendental cieml tunc m 

portuns of the field osteubiastg are »een \a bone w removed note hoW embryanw 
connective tissue repiaces it 

upon t\hidi side the bal intc sttuigs Ihe altermtion of formation 
and absorption in the rtnio\ il of liawi tissues is well jllustntcu 
m the ab'iorption of the roots of the temponrs teetli flm absorp- 
tion does not begin at one point ind spread contmuoush o%er the 
entire surface of the root If it did so ah of the fibers would he 
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of canal a, bone matrix 
bone formation , e, 


osteo- 


Fig 216 -Osteoclast absorption forming Penetotors 

b, bloodvessel, c, embryonal connective tissue, d. new 

blasts, /, osteoclasts (Black) 



Fir. 217 —A longitudinil ‘=cotion tbroiigli the remains of the aUcol.ir proca-, 
around the root of a tcinpoiary tooth about to be shed (sheep) C, the cementum on 
the remains of the tooth, B, pi nttr.iting carmK cut through the labial pl.itc of bone 

17 
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ennmel -ind even tlitn new forming ccmcntum to nnintain the 
nttncliment will be found arountl the circumference In this way 
It will be seen that the function of the tooth is maintained until 
its successor is readv to take its place m a very short time The 
importance of this arrangement will be more fulK appreciated 
after a studv of the relation of the teeth to the development of 
the face 1 ig 218 shows a longitudinal section through a temporarv 
incisor of a sheep At Ab an absorption Ins just been completed 
for the osteoclasts have disappeare<I The excavation is seen 
filled with embrvonal tissue and rebuilding is about to begin At 
Cm an older and much larger absorption space is seen which has 
been partnllj replaced bv a formation of new cementum reattach 
mg fibers In Pig 219 a transverse section of the root is seen which 
is from the same jaw cut at the level of Cm, and shows the absorp 
turn refilled This patchwork performance goes on in the «ame 
wav in the bone of the alveolar process and its studv is one of the 
most interesting phases of the relation of the teeth to the develop 
ment of the face A\ithout a clear idea of this it is impossible to 
understand how the teeth, after their roots arc fullj formed can 
move through tliree dimensions of space and retain their function 
all the time 

Epithebal Structures — The epithelial structures of the peridental 
membrane were first dcscribetl bv Dr Black m liis volume Penos 
ieum and Pcndenial Manbranc published in 1887 At this time 
Dr Black considereil them to be of Iv mphatic char icter and named 
them endnlvmpliatits IIis conception of them was tint they were 
Jvmplntic channels crowded with adenoid cells Since then the 
form and appearance of tlie cells and the eliaracter of their reaction 
with staining agents has shown the cells to be of epithelial eliaracter 
In the same vear that Dr Black s liook was published von Brunn' 
described the same structures He considered them as epithelial 


remains of the outer laver of the enamel organ growing down 
around the root bevond the gingival line where the {ormation of 
enamel stops It Ins scemwl probable to the writer that this 
was correct but tbcir histogenesis bos not been sufficiently well 
followed and it presents an attractive field for research These 
structures uiidoubtcdlv originate from the epithelium of tlie enamel 
organ probabh botli of the outer and inner Invers In tiie authors 
opinion thev have an important relation to the formation of etmen 
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turn whicli accounts for their persistence in the membrane. While 
they are derived from an embryonal structme, the enamel organ, 
it does not seem proper to regard them as embryonal remains, for 
while, like all the cellular elements, they are more numerous in 
young people than in old, they are persistent throughout life They 
have been shown m the membrane from a man aged seventy years, 
and it does not seem logical to suppose that embryonal debris that 
was useless to the organism would persist through life Up to the 
present time, however, nothing has been discovered about these 
structures to throw any light upon their function The author has 
long been of the opinion that they weie i elated to the formation of 
cementum but this is not sufficiently established to be more than 
suggested heie Specimens have strongly indicated that they were 
important m some pathologic conditions Their cells have been 
found dead and degenerating m pathologic material beyond the 
point shomng any pathologic condition m other cells These struc- 
tures have been obseived m sections from man, sheep, cat, dog, and 
monkey. The best material for their study is a young sheep or pig. 



Fio 220 — DnKram of glands of pcndontal membrane (Black) 


Distabution.—l’liese structures are composed of cords or rows 
of epitlieliiil cells, surrounded by an extremely delicate basement 
membrane (Fig 220) In some cases there is a slight indication 
of a circular arrangement of connectice tissue around them The 
cords he very close to the surface of the cementum, umdmo- in 
and out among the fibers (Fig 221) T\m\ anastomose and join 
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of the -ft-ay in which these cords wind in and out among the bundles 
of fibers The cords show a marked tendency to run out into the 
membrane and loop back (Fig. 223), coming very close to the 
surface of the cementum 

The ends of the loops toward the cementum often show enlarge- 
ments which in some cases apparently lie directly in contact with 
the cementum (Figs 224 and 225). These enlargements next to 
the cementum are shown in Fig. 223. 



Fig 222 — ^TraIls^e^se section of the pendental membrane in the gingiial portion, 
showing the position of the epithehal cords At 1 the loop shown in higher mag- 
nification in Fig 224 IS seen 


The Arrangement of the Cells.— There is no definite arrangement 
of the cells in these cords. In some places there will be a ring of 
irregular polj hedral or rounded cells which almost exactly resemble 
a simple tubular gland In other places there is a pretty definite 
outer ring of cells and a central mass enclosed by them. The cells 
are made up of granular cj-toplasm, each containing an ovoid 
nucleus that is rich in chromatin The author has spent much 
time attempting to work out the relation of these cords to the 
epithelium lining the gingival space, thinking that possibly they 
open into it. In a few places structures appearing very much like 
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tlie gingival space was lighter in structure, composed of larger 
cells, and had no horn^ layer on its surface, as is true of the epithe- 
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Fig 224 — Epithelnl structures Cc, epithelial cord, apparently shoinng a lumen 
C6, ccmcntoliIaMs, Cm, ccmtntum, D, dentin This loop is seen in Fig. 209 
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Iium on the outer surface of the jfingivus Upon the proximal 
surfaces the projections of tlie cpithejitim nhich extend don-n 
bet 1 ^cen the papill'e of connectne tissue ^hicli constitute the 
stratum papilJans, irc spccifllli long, and m the connects e tissue 
betii een them collections of small round cells arc often found It 
IS between these projections of epithelium that the cords of epitlie 



Fla 2C6 —Epithelial itiuttures (from •heep) Fft fibroblasta Ee epithelial atruct 
urea Cb cetnentoUast* Cm eementum D dentin (About ’’OO X) 


hal cells ^\hich ha^e been described are lost and to this portion 
of the tissue Dr Black has again called attention, as the gland 
of Serres Sufficient uork has not jet been done upon this subject 
to know l^lltther this is a constant arrangement or whether it is 
found onl\ in certain animals or e\en A\hether it ma\ not possiblj 
be pathologic The appearance is shown in I igs 22S and 229 
The work of the H^t fi\e xcars has con\inced the writer that 
this appear met is the reaction of the tissue to infection One 
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of the important functions of the supporting tissues about the 
necks of tlie teeth is to resist and remove infection, and all the 
structural elements of the tissue are arranged for that function 
The epithelium, the connectn'’e-tissue fibers, the capillary blood- 
vessels, the IjTnphatics, and the cellular elements of the connective 
tissue, are so arranged as to immediately respond to an invasion of 
infecting organisms in such a way as to destroy and remove them if 
possible 



I'k. 227 — A ^crJ large cord ^\luch•^\as at first mistaken for a duct 

Bloodvessels. — ^^fhe peridental membrane possesses a very rich 
blood supply, A number of vessels enter the membrane in the 
apical portion from the medullary spaces in the bone. Some of 
these, passing through canals in the apex of the root, supply the 
dental ]nilp, others pass up through the membrane As "they 
extend occlusally they give off and receive branches which enter 
the membrane from the bone of the alveolar wall In this way 
the calilicr of the principal \ossels is maintamed throughout their 
course in the inembranc As thej reach the border of the alveolar 
process they give ofi‘ branches which anastomose with the vessels 
of the periosteum and gum tissue. 

In the >oimg membrane these vessels occupy a position closer to 
the bone than the cement mn. and as the membrane becomes thinner 
they often come to he in groo\cs in the bone Vessels of any size 
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supplied with bloodvessels, and the anastomosis with the vessels 
of the membrane, from the alveolar wall and over the border of 
the process, is important in the consideration of pathologic condi- 



Fig 229 — lonpitudiml scilion cut mesiodistallj E, epithelium of the gtngivus, 
Gs, ginfnval space, Cm, ccmontum which has separated from the dentin, Ec, epithe- 
lial cords 


tions In ah colar abscess the vessels entering through the apical 
space maj be entirely cut oft, but this does not disturb the blood 
su])pl\ of the rest of the membrane The remoial of the pulp has 
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often been advocated in the treatment of pathologic conditions 
of the membrane, on the ground that tlie vessels entering the pulp 
rob the membrane of blood supply, and tliat their removal made 
recovery more certain No one having a knowledge of the blood 
suppb of the membrane could advise this for that reason 
In their course through the membrane the vessels wind between 
the principal fibers in a waj that can onlv be appreciated bj stud} 
mg Sections with a binocular instrument, and when this condition 
IS realized it can be understood how some infiammations m the 
membrane are set up For instance when force is applied to a 
tooth the principal fibers are stretched Tins causes them to close 
some spaces and open others The vessels in the closed sp ices are 
constricted and the flow of blood through them parti} shut off 
The vessels in the cn)aTee(\ spaces dilate to compensate If the 
force IS removed the dilated vessels are again constricted and the 
constricted ones enlarged and the result is a literal sawing upon 
the walls of the bloodvessels which m o verj short time will set up 
an acute inflammation Tlus is extrcroelv important in the applica 
tion of force m orthodontia, and often also in the use of the mallet 
in condensing gold, especiall} for voung patients 
lymphahc Vessels —The Ivmphatics of the peridental membrane 
hav e been desenbed m Chapter \IV The writer w os first con v meed 
of their presence in the membrane bv a studv of the manner of 
extension of destructive inflammations of the peridental membrane 
and thev were afterward demonstrated bv injection The collecting 
vessels from the labial buccal and lingual surfaces of the gums and 
gingu-e pass outside of tTic periosteum of the alveolar process to 
tlie WTeath of vollettmg trunks at the reflection of the tissues from 
the surface of the bone to the lips or cheeks on the outside and to 
the collecting trunks of the floor of the mouth and palate on the 
inside The collecting vessels from the papilla; lining the gingival 
spaces penetrate the hgamentum circulareverj closetotheccinentum 
and extend m the interfibrous tissue accompanvmg the bloodvessels 
and nerves through the peridental membrane as far as the apex of 
the root where thtv anastomose with the efferent vessels from the 
dental pulp fhev have been followed througli the bone to the infra 
orbital canal and the inferior dental canal emerging from the corre- 
sponding fonniina vnd passing to the lymph nodes of the submaxil- 
lar} group Injdted vessels m the peridental membrane are shown 
in Tig 2‘^0 
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Nerves.— The nerves of the peridental membrane enter the 
peridental membrane in companj'^ with the bloodvessels. Their 
source is the same as tliat of tlie bloodvessels The trunks entering 
in 'the apical space contain from eight or ten to fifteen or twenty 
medullated fibers Some of these enter the dental pulp, others 
extend up through the membrane, winding in and out among the 
fibers, general! j’ following the course of the bloodvessels Many 
trunks containing eight or ten fibers enter through the alveolar 



I'll. 210 — Tmiis\cr'-c Fcctioii of tho pendent il nicmbmne, showing injected 
hinplnlic ■vc'tols (oc , 3, olij , IG mm , reduced .nbout ono-tcnlh) 


vail In tins a fairh ncli plexus is formed, from which fibers 
are continually given olf to be lost in the tissue They probably 
terminate in beaded free endings No special nerve endings have 
been demonstrated. A few Pacinian corpuscles have been seen 
near the amgiv.d border. Tbese are not generally found, however, 
'j'he ner\es of tlie membrane give to it the sense of touch, which 
i-, the only ‘■ensort funttion of the membrane As has been noted 
in connection with the dental pulp, the hard tissues and the pulp 
ba\e no sense of touch 'Plie contact of any substance with the 
surfiH c of the tooth is reported to cimsciousiiess through the medium 
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of the peridental membrant lor instiinct the slightest touch of 
a delicate instrument produces a slight nio\ement of the tooth 
which affects the ncr%cs between the fibers Tlie dehcies of this 
mechanism can be demonstrated b> the following experiment 
Lightlj touch the surface of the tnimcl and the patient will tell 
at once not onh which tooth js touched hut whether a steel instru 
ment or a wooden point or some soft material was used If, how 
c\ er the finger is platt tl upon a surface of the tooth and firm pressure 
made in one direction, the contact of t!ic point w ill not be rtcOpnued 
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The Changes m the Pendental Membrane with Age — ^The teeth 
are formed m cripts m the bone and when thci begin to erupt 
the roof of the cr\ jit is remo\ ed bj absorption mabing an opening 
large enough for the crown to pass As the root is formed tie 
tooth mo\es occhtsalK md thcaKeoIus growsup around it begin 
ning at the margins of the crj pf W hen the tooth first erupts t lere- 
fore, the alitoliis is much larger than the root, ami the fibers o 
the pendent il ratnibrine are \tn long Tlie size of the a \eo us 
IS reduced b\ the formation of bone bj the osteobla-sts on its wa > 
and the size of the root is increased bi the fonuntion laitr a 
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layer, on its surface. In this ivay the thickness of the membrane 
IS reduced. Figs. 231 and 232 were made to illustrate this change 
They were photographed with as nearly tlic same magnifications 
as possible, so as to compare the thickness of the layers In the 
first, there arc but tno layers of cementum; notice the thickening 
of the last-formed la\er, to attach the strong bundles of fibers at 
the angle of the root The second is from a temporary tooth w Inch 
has been m position and function for a long tunc; notice the thick- 
ness of the cementum and that tlie formation of bone and cementum 



Fig 232 — Old membranes (from sheep) D, dentin, cementum, 
dental membrane, B, bone forming the rrall of the alveolus, P, pulp 
SO X) 


Pd, perj- 
(About 


has reduced the thickness of tlie membrane to not more than one- 
third of its original amount Notice also that the surface of both 
bone and cementum are not et^en, but scalloped, and that tvhere 
the cementum projects toward the alveolar wall tliere is a depres- 
sion in the bone, and where the bone projects toward the cementum 
there is a depression in the cementum There is therefore a dis- 
tinct tendency for the two tissues to interlock but remain separated 
by a layer of fibrous tissue The author has never seen a specimen 
showing a union between calcified substances of bone and cemen- 
ts 
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turn Two surfaces of cementum maj become united bj direct 
calcification and the teeth fused together Tins is illustrated m 
man^ freak specimens to be found m any dental museum It is 
often stated that a tooth had become ankvlosed to the bone, but 
to the author’s knowledge no specimen has ever been sliowm in 
which the separating la^ er of fibrous tissue was not present 
Practical Consideration — ^These structur il facts are of the greatest 
practical importance especiallj m the making of gold fillings for 
young persons Lverj operator has noticed the greatest difference 
in the feeling of the instrument under the mallet upon different 
teeth In one instance it will ring under the steel mallet as if the 
tooth were resting on an anvil in another case it feels as if the 
tooth- were resting on a cushion In the first case all of the force 
of the blow IS expended in tlie condensation of the gold In the 
second, a large proportion is lost m the mo\ ement of the tooth 
If the membrane is thm and the cementum and bone are mter 
locked, the tooth is firmlj supported If the membrane is thick 
and the fibers long as in the first illustration, the blow is dissipated 
m the sag of the fibers The tooth is jumping up and down in its 
socket The force used is dissipated, the gold is not condensed, 
and in a very short time an acute inflammation is set up and the 
tooth becomes aer\ sore to the blows This the author believes is 
the explanation of the idea that gold will not preserve teeth for 
j oung children It lias often been said that children s teeth ore 
too soft for gold fillings The difficult) iv not with the enamel and 
dentin, but because of the thickness of Iheir membranes The 
gold IS not sufficient!) condensed to exclude moisture, and the 
fillings fail Serious damage also ma) be done to the membrane 
The Museum of the Northwestern Universitv Dental School con 
tains an object lesson on this point It consists in a bicuspid with 
a beautifully condensed and finished gold filling m a mesial occlusal 
cavitv The history nccconpanying it is somewhat as follows 
The operation was undertaken for a patient aged about fourteen 
)ears The tooth became txreedingl) sore under the mallet, the 
filling was however completed and polished, but a few days later 
the tooth w as picked out w ith the fingers The peridental membrane 
had been literallv hammered to death Stated m scientific terms, 
the fibers had sawed upon the bloodvessels exciting an acute inflam 
mation resulting in complete stasis and the death of the tissue 
In all operations where gold is to be condensed in teeth with t!n^ 
membranes the) must be firmly supported so as to be held ngidi) 
against the blow 



CHAPTER XXII. 

ABSORPTION OF TEETH 
By NEWTOl? G THOMAS, M A , D D S 

The absorption of teetb implies a phenomenon -which is known 
to occur in both dentitions To the primary dentition, absorption 
is a part of normal history, with the permanent dentition, it is 
associated only with unrecognizable and inexplicable conditions or 
strictly pathological agencies Hence our first classification of 
absorption is physiological and pathological Under the former 
comes the removal of temporary tooth roots and the roots of 
implanted teeth, while under pathological comes the removal of 
permanent tooth roots, either wholly or m part These occurrences 
form the ground work of this discussion 



Fig 233 — Sliowjiip normal absorption of a tcmpornrj molar niUiout pressure 
from a permanent bucccisor 

Various causes of the absorption of the roots of temporary teeth 
have been presented. The principle ones aserilied arc pressuic, the 
ectodermic origin of enamel, blood-piessiire, the giibcrnaculum 
dentis, and the deposition of bone imjielling the permanent teeth 
occlu^alli It is urged that the pressure of the erupting permanent 
teeth instigates the process wlicther one or all of the causes of erup- 
tion mentioned begins or maintains the movement It is a common 
oliservution that the pressure of permanent teeth sometimes fails to 
stimulate absorption and again it is seen that teniporari’ teeth 
often absorb when their permanent successors arc absent (I'lg 233 ). 

( 275 ) 
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The absorption ol the roots of the temporary teeth must be con 
sidered as Tomes considered it, a ph^ siological or Mtal process 
IS inch all of the factors named may abet but do not exphm 
The agent of absorption presents an interesting but unfinished 
studj Kolliker designated the multmucieated giant cell the osteo 
clast, almost ahvajs seen in areas where osseous tissue is m process 
of formation the agent of tissue removal because bone building is 
always a composite of construction and destruction, a condition 
not seen m tooth tissues because changes similar to those in bone 
do not take place Once teeth are formed thej do not change form 
areas of their surfaces may be removed but it is never done for the 
purpose ol reconstruction as is the case when subperiosteal bone is 
remov ed to give place to Haversian sj stem bone Where, howev er 
teeth are being physiologically removed osteoclasts are found with 
out fail Until quite reeentl> this cell maintained its designa 
tion as a tissue destroyer undisputed, but at the present time 
Its function is hdd m question It is stated that there is no positive 
evidence that the osteoclast is active in dcstrovmg bone The 
explanations given are that they are degenerate osteoblasts that 
ha\e become confluent, ‘ or that have been affected by the agency 
that 13 affecting the bone, and, therefore, are m a condition of 
degeneracy ’ Also destruction of bone by lialisteresis as m osteo- 
malacia IS mentioned to prove that cells are not necessary to its 
accomplishment* Doth of these hypotheses are unsatisfactory 
Sections can be readily produced in which osteoclasts show no 
evidence of disintegration and in which there is no evidence that 
they are the products of osteoblastic fusion In fact ccmentoblasts 
the analogue of osteoblasts ore noticwibly absent from the surfaces 
of teeth on which absorption is m progress 
The origin of osteoclasts is controverted as much as their function 
Prentiss Jackson and Dautsdiakoff state that they arc denv ed from 
the reticular cells of marrow KoUiker Bredichm and Howell 
suggest that they are osteoblastic in origin, the osteoblast in response 
to some unknown stimulus fusing with its fellows to assume a new 
function \\egciier, Schaffer * Pischer,* and Mallory* trace them to 


* Arey The OngiD Fate and Significance of Osteoclasts Tr Chicago Path 
pp 23l-'’34 

* StShr Text book of Hiatoloio PP and 20** 

< Prentiss Origin and Fate of Osteodaats Snrg Oynec and Obstet 1915 x* 
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endothelial cells, while Eanvier, Duval, and Bohm^ assert that they 
arise from lymphoid marrow cells In the consideration of the 
internal absorptions seen in dentin, Causch^ avers that they are the 
products of odontoblasts, as does Salter also To this Causch adds 
that tissue destruction does not depend upon them, as phagocytic 
leukocytes may produce the same results. In this it will be observed 
he harmonizes closely with Mallory. The specimens from which 
the accompanying figures are made also testify to the endothelial 
origin of the osteoclast. Fischer’s assumption that the endothelium 
of capillaries may destroy tissue is also closely related to Mallory’s 
statement ^ Bland-Sutton,^ in 1887, described giant cells formed by 
the fusion of phagocytes, and adds “The large multinuclear osteo- 
clasts seen in places where vertebrate bone and teeth are under 
absorption must also be placed in the same category ” In accord 
with the foregoing, Mallory says “When an endothelial leukocji;e 
finds difficulty m dissolving a substance, as, for instance, lime or 
certain fat products or the blastomyces, it frequently fuses with 
other endothelial leukocytes to form a multinucleated mass of cji;o- 
plasm commonly termed a foreign body giant cell. If the foreign 
body IS too large for one leukocyte to incorporate (cholesterin crystals, 
hairs) one or more giant cells are formed which surround it or plaster 
themselves to its surface With this Delafield and Pruden agree.® 
It is quite certain that the osteoclast is not the product of mitosis, 
as Kolliker thought, without cytoplasmic division as mitotic figures 
are never seen in it 

In the sections which formed the basis of this study irregular 
foveolse are seen in which are groups of cells apparently of leuko- 
cytic origin, which to all appearances are active in the removal of 
calcified tissue, while on the surface continuous with that on which 
they work, are multinucleated cells in great numbers filling smoothly 
formed spaces Tins condition may be explained by the interpreta- 
tion of Sutton, Causch and Mallory The phagocytic endothelial 
cells introduce the process of tissue removal and later fuse, according 
to Mallory’s hypothesis, continuing the destruction of tissues after 
their fusion, thus forming the smooth bay-like excavations noted 
This also explains the low number of giant cells found in the early 

' Loo cit 
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5 Mallory Principles of Pathology, 1912, p 52 
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stages of tndocliondnl hone fonnation which point is mentioned 
bj Stohr' and einphnsizceJ b> others Phagocwtic endothelial cells 
or other means of eakificel tissue remoaal ma\ he emploaed To 
the w riter it seems conclusue that ^[allorJ s assumption is correct 
1 he procedure of tissue rcmo\ al is difhcult of explanation To the 
present time it has not been clctemuncd that osteoclasts or phago 
cjtic leuKocx'tcs produce acid for this purpose Also the process is 
more than dccalcification In decalcification we know that certain 
tissues resist acid for \ar\inp periods of tune In the process under 
discussion a\c ha\c complete tissue rcmosal, the connectue-tissue 
matrix of the calcified structures and the dense pcndental memhrace 



Fjo 23-1 — lection iliomns ab orptjon of th» tooth of a »hcep o g 

oatcoclastd in cementum and dcatm c osteoclast m the peridcntw ni 


as well (see 234 c) In connection with the endochondral one 
formation it has been suggested that reduction of blood supp ' 
causes autol> sis of cells in tlie cartilaginous matrix and a consequea 
dissolution of the calcifitd cartilage spicules hj the enz>anes se 
free In the light of the foregoing the last h\T3othesis seems 
sarj It is commonlj accepted that osteoblasts may become 
clasts because it is know n that cells long inactive ma> change 
function or tint coimcctive-tissue cells under changed con 
mav dev elop specializations or cells long inactiv e may resume 
tional activities of a different character from that cam 

* Test book of Patbolog) pp 68 and 0™ 
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tlieir earlier histories Thus liberated cartilage or bone corpuscles 
may become cartilage or bone builders By injecting lamp-black 
or bacteria into the subarachnoid space Weed"^ found that connective- 
tissue cells became phagocj'tic and ameboid. Hassin- found that glia 
cells did similarly, devouring myelin and migrating to the vessels 
of the area as did Nissl and Altzheimer.® Similar phenomena have . 
been observed by vaiious voikers on other tissues and organs. 

At birth the jaw contains all the deciduous teeth and likewise the 
germs of the permanent teeth except the second and third molars. 
Three to five years are lequired for the completion of the roots after 
vhich they remain* complete for a similar length of time. During 
this peiiod the permanent teeth have been developing in their 
crNqits after which they begin their occlusal movement. The first 
observation of importance is the appearance of osteoclasts on the 
roof of the crypt Penetrating the crypt roof the permanent tooth 
approaches the lingual surface of the temporary tooth if it is an 
incisor oi cuspid, and immediately between the roots if it be a pos- 
terior tooth. Incisors of dogs have a tendency to point directly to 
the apices of their temporary’’ predecessors (see Fig. 235) while 
those of sheep simulate those m the human mouth, approaching 
the lingual surface The difference presents interesting features for 
our notice. The removal of the tissue in the path of the advancing 
tooth IS more rapid than the advance of that tooth with the result 
that the way cleared is filled with young fibrous connective tissue 
rich in budding capillaries (see Fig. 234, d) In the wake of the 
tooth, bone spicules are developed supportive to the ci^Tpt for it will 
be obser\*ed that at first the crypt moves with the structures it 
contains, thus affording an important mechanical factor in the 
development of the jaw. 

Coincident with the apiiroacli of the permanent tooth germ to the 
root of the temporary tootli osteoclasts appear on the approached 
surface of tlie deciduous root Also capillary loops develop extending 
toward tliem in a manner strikingly similar to that seen when calcifi- 
cation is in pi ogress for these activities always call for a copious 
Idood supply (see Figs. 235, «,and 237, h). The woik of the osteoclast 
is ne\ cr long confined to the area mentioned. The stimulus afforded 

^ nih-hmciit of the Circulntion of the Cerebrospinal nuul. Amt Kecort], 

- IIistopitholoRieal ChanKcs tn a Ca«-e of Ani>otrophic Lateral .«;elorovi«. Mryl 
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H.Molnn^r'he «n<l H.Mopatiiolomche, Arbeilen aon und Aulzhcimcr. 
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to tlie perjdentil membrane soon permeates it ^\ith the result thit 
ostioclasts appear on anj surface, an^T^berc from the npex to the 
gingivaf line (see Fig 235,6) Occasionallj the spices exca^ated 
arc fihed uith ccraentum awl a nen attachment made, hut that js 
fir from consistent IMicreas the approacliing permanent tooth 
apparcnlh is the original stimulus to ttie destructue process the 



Fiq 35 — Cection of a dof.* loottt, abovtDe interual and esternil absorption 

t c ipifhry /« ps t( tl ■‘ocpiioa areas B alisorplion area at the rer\it of the toolh 

C foveolo" on ) ulpil urfa e of toot D eeUulw laser urrounding fbe pulp 

ragged cfjgc-' niult In the ib^rption doubtless afford a «!etondary 
stimulus anti the irea w here no new ceinentum is deposited has the 
effect of a forcif,n bod\ all of nliich tends to speed the absorption 
The beginning of absorption and its continuance are in no ^a> 

nffetted seemingly bj the fact of pulp extirpation prouded that the 
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root is aseptic Instances are plentiful showing perfect removal of 
the root leaving a cone of filling material in the tissue. A curious 
and interesting phenomenon may be observed in the museum of the 
Northwestern University Dental School A series of teeth are 
shown on which is a small tube of dentin around the canal which 
waspieserved around the pulp apparently in resistance to the absorb- 
ing agents Normally the process continues until the root is wholly 
gone and it is often seen that the dentin of the crown has been 
entuely removed and sometimes the enamel has been reduced to the 
thinness of tissue paper 

Apparently no changes appear in the pulp due to the external 
absorption of the tooth root The writer has never observed any 
effects upon the pulp due to changes m progress on the exterior of 
the tooth root, it shows no reaction until it is invaded The embry- 
onic character of the tissue naturally undergoes immediate alteration 
when its environment is changed When the absorption has been 
greatest at the apex and a large area of pulp is uncovered the effect 
upon the pulp is widespread Around the periphery new connective- 
tissue elements appear extending farther and farther occlusally 
around the pulpal walls until all the odpntoblasts are lost and in 
their places is a dense cellular zone containing a preponderance of 
undifferentiated connective-tissue cells (see Fig 235, d) Upon 
the outer surface of this cellular layer osteoclasts appear and inter- 
nal absorption accompanies that which progresses on the exterior 
root surface (see Fig 235, c). Some fibroblasts are seen and an 
abundance of capillary loops extends radially from much enlarged 
central vessels to the absorbing cells (see Fig 235, a) Hence, the 
pulp has been metamorphosed into a scrap of t\'pical granulation 
tissue Should the opening into the pulp chamber elsewhere be 
small, similar changes occur m the immediate vicinity of the penetra- 
tion The more distant parts of the pulp, be they coronal or apical, 
remain practically normal until the point of invasion has become 
large enough to affect the entire structure or numerous penetrations 
are made. ' 

During this process it will be noted that although pressure may 
be assigned as the stimulus to absorption that stimulus is never 
retroactive No osteoclasts ever appear inside the follicle of the 
erupting tooth which causes the pressure Also, should acid be 
produced by the cells for the purpose of decalcification it never 
affects the permanent tooth The follicle seems to be a sufficient 
protection against such emergencies, and it persists imtil the tooth 
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reaches the surface of the gum It maj Itkew ise be inf errc d that no 
tis-ue can be referred to as an absorbent organ as n e ha\ e seen that 
absorption extends o\er the surfaces of the tooth estemallj is^veW 
as internallv Absorption of the roots of the teeth of different 
giecies IS observed to follow a routine which is a modification of 
the one described, the general principle being the same 
Under the head of phj siological absorptions must be considered 
the removal of implanted teeth It bis been long observed tint 
implanted teeth are of brief serv ic< m the mouth and that when the> 
are remov ed their root surfaces are pitted and rough or entirely 
absorbed (Figs 236 and 241) Although to my knowlcdgi no 
sections of implanted teeth have ever been made with the sur 
rounding supporting tissue the explanation of both their short period 
of service ibilitv and the pitted surfaces seems obvious The 



Fio 236— A Uicuu'd tooth whx'b wns implanted and remained in the eJieolus 
about three ) ears (fig 119 m Speaal Dental PatholoEr Black.) 

inserted tooth u placed in an artificially created alveolus which 
nature attempts to close To do so agents for the removal of tlie 
foreign bodj attack its surface and bone formation follows m the 
w ake filling the indentations with its extensions The attack in tins 
case is uniform upon the surface of tht root unless there are patho- 
logical interferences A great surgeon is accredited with siiing 
‘ The more perfect the operation of placing the tooth the more rapid 
IS the remov jJ (Gilmer) It is the projections of bone into the 
f ov eolie made bj the osteoclasts that giv e the tooth its firmness 
An X raj of such a tooth show s no clear penpherj ns js the case w ith 
teeth normallj ittached but rather a confused picture due to the 
bridges of bone extending into the tooth root 

Under patliological absorptions, first come those found m the 
walls of the pulp chamber Cau^i^ mentions excavations m the 
I Tr of World s Columbian Dental Congress p 114 
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pulpal walls as does Salter and describes the same as filled with 
bone ^ It will be remembered that the older histologists and some 
modern ones call every tooth tissue bone, if it is not definite in 
structure It was his findings m these studies that led him to con- 
sider odontoblasts as contributing to the formation of osteoclasts 
Absorptions in the dentin surrounding the pulp chamber and canals 



Fig 237 — Section of a dog’s tooth, showing blood supply to enamel forming cells 

A, ameloblasts, B, -vessels 

are very common and not infrequently contain filling of calcified 
material varying in structure from an irregularly arranged dentin 
to a clear structureless deposit (Figs 239 and 240). No one has 
observed osteoclasts in the pulp-chamber of a tooth that has not 
been int aded But there is no reason for doubting that they may 
appear there and other phagocj’tes as before mentioned may 


‘ Black Special Dental Pathologs*, p 265 
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accomplish the results obser\ecl The obsmitions nre there and 
frcquentlj enough penetrate to the outsidt Hess m a senes of 
studies on multiple foramina reports tint canals ore often formed 
from withm out to compensite for cmaJs closed bj stcondarj 
depo-'itb of cementum ' Such fillings of canals are common ob«er 
\ itions in ground sections (see 1 ig 131) 

Absorptions on pennanent teeth nn. \erv common The\ are 
assfKiated vMth unpulioiis and arc noticed on the npjtes of roots 
ih<mt which ar» abscesses as well ns around tlie cerMiu of teeth 
Sitmtimcs the ihsctss is gneii ns the possible cause of the tissue 



destriutujjj If duis not «cni prolnbfe bonever tint the acid con 
rent of pus (1{ srro\ s the tooth root and it is \ ers certain that no cell, 
osteoblast or (isuorlisf extr approaclies •» root which lias been 
batlied in piis is it >i(Hs under phxsiologicd conditions Behe'in? 
that the tissiu ihstnirtion is accompiislicd bj cells and not J 
acids the e\< n itnuis must Ik. nude before the pus reaches the 
cementum the ul) being stunuhted to activity possibly by the 

1 Ilesa Tb« I) 1 j incut aid Striu-ture of <Ii»* Toolh Ajwx and Festutw 
tatmng Thereto /tU ihe Ikuiwle I9I< xxxvi 
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inflammation. Explaining the other absorptions mentioned Inglis 
suggests that such causes as protruding root canal fillings, broaches, 
pericemental deposits and salivary calculus may instigate cellular 
activity.' It is true that the absorptions occur most commonly 



Fig 239 — Section of human tooth, showing an internal absorption area which 
has been almost completely filled vnth structureless calcified matenaL A, primary 
dentin, B, {o\eoloe, structureless calcified material, D, root canal 

on the cervical and apical areas where inflammations are the com- 
monest (see Fig. 241). 

•More interesting than the foregoing is the entire removal of the 
roots of permanent- teeth, sometimes limited to a single tooth, or, as 


I Burclnrd and Inglis Dental Pathology and Therapeutics, 1912, p G22 
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has been reported b> Black * of all the teeth, m exactly the same waj 
as deciduous teeth art removed Wliere such removals have taken 



Fio 210— Slo«iQs al>soTplion of pulpal wall* and newly deposited Btruetutelew 
calcified ti sue 4. dentin B (oveole C new calcified tissue D caoal 



Flu "’ll — ''h n OK t sorption of a to tb implanted by Dr Thomas L Gilmer 
TVben tlis r I eraph nas t ken the tooth had been m the alveolus nearly three 
yejts (Fig 118 Si>e 1 Dental Pathology Black) 


1 Ptutgl Pathology I JS 
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place the patient has never reported any accompanying symptoms 
The process has been painless No etiology of such conditions is 
forthcoming That question being laid aside there is no reason for 
doubting that the agents employed are the same as for deciduous 
teeth Could sections be made of these teeth %n situ doubtless we 
should find upon their surfaces osteoclasts accomplishing the purpose 
To summarize it seems strongly evident that osteoclasts or their 
endothelial predecessors are the active agents of absorption, although 
the method by which they accomplish it is unknown. Such is their 
distribution on both the internal and external surfaces of the tooth 
that neither the pulp nor the peridental membrane can logically be 
termed an absorbent organ. These cells destroy soft and hard 
tissues alike, outlines of them being visible in the dense peridental 
membrane surrounding the wasting tooth (see Fig 234, c) Especial 
emphasis is laid upon the connective-tissue changes that take place, 
changes in both the hard and soft tissues as well as changes in the 
blood supply What seems so evident in the study of the removal 
of the temporary teeth and in bone seems a well justified explanation 
of the removal of the structures mentioned where exact data is 
so difficult to acquire. 



CHAPTER Will 


THE MOUTH CAVITY 

Mucous Membrane — ^The mucous membrane lining the mouth 
cavity IS composed of a Ia>er of stratified squamous epithehuiu 
supported upon a tunica propna, which is usually described as 
composed of two parts — thepapiHarj lajer and the reticular lajtr 
The epithelium and the tunica propna make up the mucous mem 
brane proper which is supported upon a submucous Ia>er com 
posed of a coarse network of white and clastic fibers containing 
the larger bloodvessels 

The Epithelium —‘I he stratified squamous epithelium is provided 
with a horny or corneous lajer onl> m the portions covering the 
alveolar process and the bard palate, or, in other words, where the 
submucosa is firmly attached to the penoStcuni (Fig 242) In 
these positions the horny )a>cr consists of dead cells which have 
lost their nuclei and whose cjtoplasm has been converted into 
keratin orhornj material 

These scale-hke cell remains an. closeK packed mto a protec 
tive lajer There is no distinct stratum lucidum separating the 
dead from the living cells as there is m the skin In the deeper 
portions the cells possess oval or rounded nuclei and become larger 
and more poljhednl as the basement membrane is approached 
The cells of the deepest la>er next to the basement membrane arv 
tall and approach the columnar form, but are never much greater 
in height than width The deep laver is often called ■stratum Mai 
pighii The epithelium lining the gingival space and tliat covering 
unattached portions is without the horni la^er and the cells are 
larger and more loosely placed Tlie polyhedral cells in the middle 
portion of the layer show distinct intercellular spaces across which 
the cytoplasm extends in intercellular bridges 

Isolated cells from tins region show the broken bridges project 
ing from their surface and for this reason hav e been called pickle 
or prickle cells In these positions the tlnckne&s of the epithelial 
lay er is usually greater than m the attached portions of the mem 
brane (Fig 243) 

(2SS) 
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Tunica Propria. — ^Tlic ronnective-tissue la.\cr of tlic nnicous 
membrane interlocks ^\itll the epithelial layer by means of the 
tunica papillaris, uhieh is composed of a cry delicate A\hite and 
elastic connecthe-tissne fiber'' 'J'hey arc usually about half as 
tall as the thickness of the epithelium, and about oiu'-third .as \\ide 
as they arc tall The height and character of the ])aj)ilia^ varie.'> 
greatly, however, in dilferent ])osition. In the red border of the 
lip and in the epithelium lining the gingival space they are ver\ 
tall and narrow, and approach xery close to the .surface of the 
epithelium Oxer the gums and the palate thex are rntuh shorter 



Fia 212 — Stratified squamous epithelium co^cnn[; the ahcolar process C, cor- 
neous lajer, P, papilla of conncctne tissue (About 100 X) 


and wider and do not e.stend more than half-xxay through the 
epithelium. These papillie contain loops of capillary bloodvessels 
and in some special nerve endings are found. 

Reticular Layer. The reticular layer joins the papillary laxer 
without any line of demarcation, and is composed of the same kind 
of tissue, the fibers being arranged in a delicate netxvork. Every- 
xvhere in the tunica propria are found diicts from mucous gland 
which he in the deeper layers 

Submucosa — The submucosa is composed of firm connective 
tissue in xx'hich the xx-hite fibers are in large, strong bundles, and 
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elastic fibtrs nre scnrce It contains tno plexuses of Wood\cssels, 
both more or less panlfei with the surface The outer is composed 
of small irsseb forming a smalt-meshed network, the deeper 
large \esse)s more nideK separated Ljmphafictesselse^erj-where 
follow the course of tlie bloodvessels 
Glands of the Submucosa — be submucosa contains a great manj 
sm ill tubular glands These irt distributed tvidelj over the tongue 
ind niembr me nf the ehctk and lip (Fig 244) They are branched 
tubuhr ghnds sometimes simple and sometimes compound 
rht. bodi of tbt ghnd is ahva>s in the submucosa though it mai 
(xtfnfi into till underhing muscle Some are serous and others 



Ti I frif h I M “ ■* Wlh liuRi f™®' unatta mucous membrane of 
(i r ij>/ ib n US Ityer la absent i.4t»ut -OO XJ 

iiliil, jinin of the I ii^tr mu', coiitim rell") of both tjpes 

ill* cffdi II «il flu I ^limls is pnrbibh much more important 
til in b is in i ii npj«. ed 

Nerve Endings m the Mucosa — Siison ntrvt endings of t^o 
bind in finiii<l in tbt niutoiis membrant Kraust s end bin s 
irt imiiicl in nnin id tbt pipille and other ncrvca terminate m 
fn eii iiiu i'' me bt t\ et n the tpithelial celK 
The Tongue Tii< toiuiu i tomjiQstd of a mass of 

mil <]( fibirs irr in^ed in (oinpliraftd interlacing bundles cove 

b\ tiu imnuus iinjni.fim TJit most striking charJctcrfstics 0^ 
thi mu< III iiK tnlir me >f the tongue tfib 245) are (J) 

tbjnin i>) tilt nbumrosi which holds it closeJv to the mass o 
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muscle and allows very little mo^emcnt of it; (2) tlic sulnnucosa 
in the dorsal surface contains no glands, though there arc glands 
among the muscle fibers whose ducts pass through ihe submucosa, 
(3) the presence of the epithelial pajiilliv upon its dorsal surface. 



Fig 244 — Section through the upper lip of a ti\ o-and-a-half-ycar-old child 
(14 X) (SzymonoiMcz ) 

The tongue is imperfectly divided vertically on the median line 
by a band of connective tissue forming the median raphe or septum, 
which causes the depression at the central line of the dorsal surface 
The Muscles. — ^The muscles of the tongue include two groups — 
eiftrinsic and the intrinsic The ejitrinsic muscles comprise 
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the geniogIossu>, the hjoglossus, the styloglossus, and the palato- 
glossus These are all paired and extend from the skull or the hj oid 
bone into the tongue The Jntnnsic muscles comprise the principal 
muscles of the tongue thelingualis A transverse section through 
the body of the tongue m the central portion shows a complicated 
network of muscle fibers running m three directions — longitudinally, 
transversely, and vertically The longitudinal fibers are arranged 
around the outer portion, forming a cortical layer about 5 mm 
thick These constitute the <Jiief bulk of the Imguahs supple- 



mented bv fibers, from the styloglossus The vertical fibers are 
mosth deepK placed in the central portion on either side of the 
raphe fhev are chiefly denved from the genioglossus and radiate 
toward the dorsal surface The transverse fibers are entirely from 
the Imguahs except for a fen from the palatoglossus They arise 
from the septum ind interlace mth the longitudinal and vertical 
fibers Thev break up into strands running between the longitu 
dinal fibers of the cortical portion, and spread out to a submucous 
insertion 
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The complicated movements of the tongue are accomplished 
by the contractions of these sets of muscles When the longitudinal 
fibers are relaxed and the transverse fibers contracted the tongue 
is rolled and extended. When the transverse fibers are relaxed 
and the vertical fibers contracted the tongue is flattened. The 
division of the tongue on the median line by the septum allows 
each half to work independently, so that when the longitudinal 
fibers are contracted on one side and relaxed on the other the tip 
of the tongue is moved sidewise. 


Fig 246 — Mucous membrane from the dorsal surface of the tongue of a kitten, 
shovnng filiform and fungiform papill® 



The Papillse.— The roughness of the dorsal surface of the tongue 
is caused by projections of the epithelium resting upon the tunica 
propria, forming the papillae of the tongue. These projections are 
not to be confused with the connective-tissue papillte in the tunica 
propria of the mucous membrane. They are of three kinds— the 
filiform and fungiform papillae, which are found over the entire 
dorsal surface, and the circumvallate papillse, which are limited 
m number and confined to the posterior portion The filiform are 
much the more numerous, especially near the tip of the tongue. 
They are from 0.5 to 2 5 mm in height, and often end in brush-like 
strands of epithelial cells. 
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1 }ie papjlte fionn the red points on the surfaa of th'* 

tongue espe(nl)\ ncir tiie edi,es, because of the thinness of their 


X) 1 - \lm U3 Q cniL>nu)i /rom tb« tooeue of a rabbiC fhowioj circtaa«wWK 
p.ipill» with (uic-butfs 00 their ixies 

ipitlnhiin llu\ trolon md rounded in form fromOSfoI 5niffl 
in iiid irt nnmed from their mushroom like appeat-n^ 

1 Iff M) t V ( tion from the tongue of a kitten, shot s the form of 
lx tli nl tin St pipdK Ihe <ircuoi\a}Jate papil/e usuilK nuoiher 




flu i-H-ls.ci.unotf .i«»e-bud p po» ff e^tatory <xUs ^ 

cell j woia ularc il3 A bosUca of the «USlaWo cells (benseiwj 

niiK- or ten and are irrtngcd in a V-shaped form near the 
the tongut ivith tJn tpc\ extending backward Thej are ro 
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to 1.5 mm. m height and from 2 to 3 5 mm in width. They are 
surrounded by a depression, so that the upper surface of the papillse 
is not much above the general level of the membrane. 

The Taste-buds. — These are found chiefly on the sides of the 
circiim vallate papillte (Fig. 247), though they are occasionally 
found in the epithelium of the fungiform papillae and the soft palate, 
and on the posterior surface of the epiglottis. They are always 
entirely embedded in the epithelium and extend through its entire 
thickness The structures are ovoid in form, with the rounded 
end toward the connective tissue and the pointed end at the sur- 
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Fig 249 — Section through a lingual folhcle in ni.an x, crypt (50 X) 

(Szymonowicz 1 


face, where a small opening, the taste-pore, communicates with 
the mouth cavity (Fig. 24S) Most of the cells are elongated and 
spindle-shaped, and arranged like the leaves of an onion. Four 
varieties may be recognized. The outer sustentacular cells form 
the outer layer and are in contact with the epithelial cells. They 
arc elongated, with an oval nucleus near the center. The inner 
sustentacular arc rod-shaped cells, more slender in form, with a 
nucleus at the base The neuro-epithelial cells are elongated, 
spindle-shaped cells at the center of the taste-bud The nucleus 
IS at the base of the cell, and from the opposite end a still' bnstle- 
likc process e.\tends through the taste-pore. 



Ooctor, 

Waller Zenana Hospital, 

CHAPTER \XIV 

BIOLOGICAL CONSIDERATIONS FDNDAAIENTAL TO 
EMBR'lOLOG'i 

History — Before beginning the stud> of embrjologv some topics 
in general histology must be renewed, and some general biologic 
ideas considered No real conception of the complicated process 
of indi\ idual dev elopment can b» obtained without lav ing a founda 
tion m the studj of the cell as the units of life and the mechanism 
through vihich the phenomena of life are manifested 
In embrjologj it is found that the individual m his phvsical 
dev elopment passes through stages n Inch correspond to the dev elop- 
ment of the race or species to nlticli he belongs and a like compan 
son might be drawn m mental development and the acquirement 
of know ledge This is spcoiall) true of the subject of embrv ologv 
Apparent!) the first ideas to occupv the speculative thought 
of man when be became conscious of himself as an independent 
being were the questions of his origin and the relation to bis em iron 
ment and destin) These hav e become the basis for the dev elopment 
of all religious thought 

Lp to the beginning of the nineteenth centurv all considerations 
of these subjects were purely speculative The old question of 
^^hat IS lift’ received endless discussion In the nineteenth 
centurj this question has been dropped into the background and 
tht question tMiat is tht mtchanism of life?” has been substituted 
for It Tlie tonsideration of the latter question has resulted not 
only m the marvellous adv vncenient of medical knowledge and 
surgical «kill but in the great development of deeper fundamental 
thoughts It must not be forgotten however that the develop- 
ment of know Ictlge resulting from the consideration of the htter 
question has not and does not promise to answer the old question, 
' ^\Tiat is hfe^ an\ more than the laws of electriatv and their 
application to it-j u«e answer the question hat is electricity ? 

The discover! of the cell ^qKithtsis and the propounding o 
the theorv of organic tvolutior have been the greatest factors 
in the unific ition of know ledge and the stimulation of thought in 
these fields It is interesting to notice tint thc-c two theories, 
closely related as they have beewne had entirely independen 
( 298 ) 
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origins and were long followed out without any immediate con- 
nection. The theory of evolution was based upon consideration 
of the forms of living things, their distribution and adaptation to 
environment. 

The Cell Theory.— The cell theory had its origin in the study of 
minute forms Its beginnings were made possible by the develop- 
ment of the compound microscope, which revealed their structure 
and showed them to be small bodies made up of apparently a struct- 
ureless, granular material which was called protoplasm, or the 
ultimate substance of life. This material, as its name indicates 
was originally supposed to be simple in structure and composition 
and to be the life substance Huxley’s characterization of it as 
the “physical basis of life” was the beginning of the study which 
has revealed it to be very far from a simple substance, but rather 
extremely complex both in structural arrangement and chemical 
composition In more recent biology, therefore, the word proto- 
plasm is being dropped and the word cytoplasm or cell substance 
substituted for it 

The early history of the cell theory was obstructed in its develop- 
ment by the remains of the old Greek idea that living things could 
originate from non-living matter, that the swamp breeds disease, 
and the decomposing body of an animal, maggots It required 
fifty years of work on the cell theory for Virchow, in 1850, to pro- 
pound his thesis that all living cells are derived from a preexisting 
cell, and so establish the continuity of life, which has flowed on 
from the beginning in an uninterrupted stream, each individual 
being only a period. 

When Schwann and Schleiden showed that the bodies of both 
plants and animals, instead of being made up of homogeneous tissue, 
were composed of millions of structural elements which they called 
cells, the consideration of both plants and animals were for the 
first time put upon a common basis Naturalli'- enough the first 
thing to attract attention was the study of the form and arrange- 
mentof these structural elements in the tissuesof animals andplants 

In following out this study it became more and more eiddent 
that, while infinitely varied in the detail of their form and structure, 
all cells had a common plan of organization and possessed struct- 
ural characteristics common to all, at least in some stages of their 
history. 

Kelation of tlie Nucleus to the Protoplasm.— The first point to be 
disco\ ered in the internal organization of the cell was the nucleus. 
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material as the vehicle of transmission When m the study of fer- 
tilization it vas found that fertilization consists in the union of 
two cells, each contributing both cji;oplasm and nucleus, and that 
the amount of chromatic material was equal from each, and exactly 
half that found in the cells of the parent body, the equality of the 
sexes in transmission was firmly established upon a'cjdologic basis. 
It is interesting to note that this equality had previously been 
claimed by the disciples of the evolutionary theory, and it was in 
this field that the evolutionary theory and the cell theory first 
met on common grounds (about 1875). 

All the advancement in modern thought concerning heredity 
and transmission has resulted from these discoveries. The practical 
results are perhaps still more important in the artificial breeding 
of plants and animals, adapting them to their environment The 
work of such men as Burbank may be said to be the application 
of the knowledge of the mechanism of cell division and inheritance 
to horticulture and agriculture. 

Chemical Ideas. — ^At the present time the structural mechanism 
of life, while inviting many fields for research, may be said to have 
nearly reached the limit of possibilities of observation, and at the 
present time the chemical phase is attracting the greatest attention. 
Such questions as, “How does the nucleus influence the activity 
of the cytoplasm’” are being eagerly investigated Cytoplasm 
while enormously complex in chemical composition, must, never- 
theless, always be thought of as performing its vital functions by 
chemical activity It is constantly building simpler molecules into 
its own, and so increasing in amount. For this its surface must be 
bathed in materials with which it can react. It is evident that if 
the mass increased indefinitely the volume would increase much 
more rapidly than the surface, and this puts a limit upon the 
grouHi. 

The constructive metabolism of the cytoplasm is dependent 
upon the presence of the chromatin in the nucleus. In the process 
of metabolism, therefore, there must be interaction between the 
chemical substances of the chromatin, cytoplasm, and food material. 
The development of physiologic chemistry is rapidly affecting the 
ideas of the cause and treatment of disease, and especially the 
production of immunity and susceptibility. 

If the dental profession is to keep pace with the development 
in these fields and apply the results of investigation to the treat- 
ment of diseases of the mouth, the study of the fundamental sciences 
must be more thorough. 
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Maturation, — ^In observing fertilization of eggs of the starfish 
and various threadworms, it was noticed that before fertilization 
occurred the nucleus of the oiuim diidded with karyokinetic figures, 
forming three small bodies known as polar bodies This process 
is diagrammed in Fig. 251. In reality, the o%nim first divides, 
forming one polar body; the polar body and the oinim both then 
divide again, so that the result of the two series of division is the 



I'lG 252 — Diagram illustrating the reduction of the chromosomes dunng spcrraa- 
togcncsib sc', spermatocj to of the first order, sc% spermatocyte of the second order, 
ep, bpcmntid (McMurnch )' 


formation of four cells, one of which is ftmctional, three disappear- 
ing This process is practically universal in the formation of o\ a 
of both plants and animals The cells in the ovary which form the 
ova arc called oogonia The cells formed from these are the prnnarv 
oocyte The ditision of this cell produces two secondary oocytes, 
of which one disappears later The division of the secondary oocvte 
results ill the ovum and three polar bodies The number of chromo- 
somes in the primary ooette is half the number characteristic of 
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the somatic cells but they are made up of four pieces In the 
secondnrj ooc^ tes thcj are the same number but double In the 
o\um and polar bodies thej are the same m number and single 
Spermatogenesis — r xactlv the same senes of changes occur 
m the formation of the sperm itozoa Thej are illustrated in Fig 
252 On the outer w dl of the seniini/crous tubules are two forms 
of cells, the spermatogonia and the cells of Strtoli (Fig 253) The 
cell of Sertoli increases in size and spreads out against the basement 
membrane, pushing the spermatogonia a\\a\ from it TJiei non 
divide forming two cells, one of which returns to the basement 
membrane and remains as the spermatogonia the other becomes a 
primary spermatocjte The pnmarv spermatoev tes divide, form 
ing a secondary , the secoiidarv divide, forming spermatids, which 



tozc»o (\ on Leohossek s diagrsm from McMuiricb ) 

develop directly into spermatozoa Bj comparing the diagrams 
thev will be seen to correspond exactly with the formation of the 
o\ a except that all of the cells are small and motile Tlie nuclear 
changes also correspond to those of the ova, tlie primary sperma 
toevte having half the number of tetrad cliroraosomes, the second 
ary half the number of diad and the spermatids half the number 
of monad chromosomes , 

Fertilization — Fertilization is essentially the same m the sexua 
reproduction of all plants and animals It may be easily 
in the transparent cells of such animals as ^e starfish an c 
threadworm The spermatozoon enters the cytoplasm of the ova 
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Fig 254 — FeitiUzation of the egg of Ascam megalocephala, 

A, the spermatozoon has entered the egg, its nucleus is s ownc , nhases in 

granular mass of “archoplasm” (attraction sphere), above a , , n 

the formation of the second polar body (two chromosoines in ea , dividing 

nuclei (9, d) in the reticular stage, the attraction sphere (^ anfm^nmo divided 

centrosome C, chromosomes forming in the germ nuclei, ® , f -. double 

D, each germ nucleus resolved into cliromosomes, attrac ion snlit 

B, mitotic figure forming for the first cleavage, the chromosomes (c) steady s^it 
B, first cleavage in progress, showing divergence of the daughter chromosomes 
toward the spindle poles (only three chromosomes shown) (\Vi son ; 
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being small and rapidly dividing, those at the lower surface large 
and slowly dividing (Fig 256) As this continues the sphere becomes 
flattened on the bottom, and finally the lower surface is turned 
inward until the sphere is converted into a hollow bag or sac made 
up of two layers of cells, the outer of which are small, the inner 



!• iG 2oG — Four stages jn the de\ elopment of amphioxus, illustrating the forma- 
tion of the pastrula I, the blastuli, a hollow sphere of cells, those at the lower polo 
larger than those at the upper and filled with jolk granules II, invagination of the 
lower pole, because of more rapid growth of cells at the upper pole III, the gas- 
tmla, complete ln^ agination, the creature is now a two-lajered bag A space 
should be showui between the laj-ers hi, the mouth of the bag, or blastopore, hy, 
inner lajer of cells — hjTioblast, cp, outer layer of cells — epiblast IV, the gastrula 
wall now elongate, the caaity becomes the alimentary canal, the blastopore the 
orifice at one end 


large, the tvo loimng around the moUth of the sac This hollow 
hag stage is known as the gastrula. The cavity of the sac is really 
a jiart of the outside v orld around which the cells liave ^own, and 
will form the cavity of the alimentary canal The opening of the 
sac IS know n as the blastopore, and will form the anterior opening 
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MBROBLASTIC segmentation 

is left as a small disk floating on top of a sphere of yolk enclosed 
in the volk membrane. The white spot seen floating on the top 
of the j oik of a hen’s egg is called the germinal spot. Before fertili- 



Fig 257 — Mcroblastic segmentation 


zation this is a mass of protoplasm with a nucleus m the center 
■\Yhen segmentation begins it divides first into right and left halves, 



Fjo 2.‘)8 — Fir'-t ri\c ptngos of ‘■egnicntalion (rabbit’s OMim), a, h, c, d, and c 
111 «. 5, atKl c tlic cjiibl'\‘.( cdls arc larger than Ibe )lJ^lQbiast^c ones In e the 
edK haae lx tome ctrialkr and more minirrous tbaii the hy]iobI i^ts and 
the epibhvtic f-phens are lx ginning to Mirround and close in the iivTinblast cells 
r?) , zona pelliKidii, polar globule;, ii, first cpibla-:t cdl, i, first lijpoblast cel! 


then divides acain by a line at right angles to the first one, then 
tlie four cells arc converted into eight cells, -as if by a circle, and 
the process continues in this way (Ih'g. 2o7). It is best understood 
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from the dngram This tj pc of -segmentation is knoiv n ns mero- 
blastic while that of the frog is lioloblastic 
Mammalian Segmentation — The mammalian o\ii contain \erv 
little jolk, as the nounshment of the embrjo is provided for in 
an entirelj different wa> The segmentation is lioloblastic {Fig 





Fig 259 — ScctionsoftheovumofsrsbbitdunDgthelatefstsgesof e® 

Bhowing the formation of the blaatodermic vesicle e »li« eni 

blast enclosed by ep cpiblast h fluid is beginning to collect and sep . . 

blast and hypoblast < the fluid has greitly increased in amount t 
cells adhenng to the upper surface d the blastodemue ^eslcle ert * , ..uw 

epiblast enl hypoblast the inner layer adhenng to the inner surface 

at the upper surface forming the opaque area 


258), but sliotvs marked differences from that of the rOc 
characteristics similar to those of the birds and reptiles, an 
has been an added link to the evidence of the 
the mammalia have been demed in evolution from tJie rep , 
After the first few divisions the cells of the upper 
much more rapidlj than those of the loner, and gron o 
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the others, enclosing them When the Hrge cells ln\ e been cntirclv 
co\ eretl in b> the sm^ll ones the small ones continue to multipU 
more npi(ll> and fluid collects in&ide the sphere, leaving the large 
cells adhering to the inner surface of the small cell laj er at one pole 
of the sphere (Fig 259) At tlie upper pole where the sphere is 
made up of tw o laj ers of cells there is an opaque spot, or the “ area 
pellucida,” from onlj part of which the embrjo is developed tlie 
rest forming organs to provide it with nourishment during the 
embrjonal condition 

Starting from the center of the opaque area on the upper surface 
of the sphere or hlastula, there appears a streak known as the 
primitive streak, caused by the appearance of a rod of cells lying 
between the two layers and from tlie side of this rod or notochord 
a third kind of cell, different from cither the large or small cell 
layer, is formed These three kinds of cells make up the three 
layers of the blastoderm and represent the first step in differentia 
tion or, to state it in a different way, all of the chromatin which 
(Fig 2(>0) directs nerve cell activity has been sent to the outer 
am ill cell layer or cpiblast, all of the chromatin which directs 


Leac'to roft Piatt XX 

Fias 1 to o —Dugrammatic rcpmcnlalioot of longittidinal crMwettioni of 
hen* *65 10 vanou* stneea of tneubation They illustrate hotv the mow » “ 
oped out of the area pclluetda and the >olk sac the serosa and the allantoi ou 
of the esira eoibrjonal area of tha genn layers The embryo Js repreanted 
too Inrcc in rtlation to the yolk *ac The yolk ts represented in yellow arid the ento- 
derm lu ffreen ectoderm in blue mesoderm in red and the black dotted Unes m 
cate the hunt to which the inner and outer eienn la> ers have extended over toe jo 
The red dots mark the limit of tho mesoderm ok outer Ecnn hyer (blue} 
meduU ry ndgea or folds neural lube om amniotic fold to/ ho/ »o/ an en 
posterior and lateral amniotic folds A amnion ok amnioUc easily o ^ 
membrme liu dermal umbilicus */ literal folds 1/1 k/2 head fold ^ , 
outer and inner limb fold ik inner eerm layer (preen) tr itsmarpinofovergro 
dr mteatmal groove dg vitelline duct al allantois ds interstitial sac ou 
tinal uniVilicus mk middle germ layer (red) 

Msceral layer of mesoderm *1 lateral limits of the same dm m 

mesenteries Ih body cavity (V fV embryonic extra embryonic parts ol t 

Fiq 1 — Cross-section through hen s egg on second day of immbation 
Fio 2 — Tross-scetton through hco s egg on third day of incubation 
Fia a —Longitudinal section through hen « egg on third day of meu a 
Fig 4 — Longitudinal section through hen a egg beginning ol lo r 
incubation v,(ion 

Fjg — Longitudinal section throu^ hen a egg on seventh day of jncu 

Fio f — Cross section through embryo first day . 

Fig 7 — Diagrammatic longitudinal section through a selachian v 

Fio 8 (Kollikie) — Half of a cross-section through embryo ctuck ( 

Fig 0 (Kollitae) — Cross-scction through embryo chick , 

Fig 10 — Cross-se tion of chick (five days) wi tha region of the umunicus 
Fio 1 1 — Diagrammatic longitudinal section of the embryo chick 
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muscle cell activity, etc., has been sent to the new cells of the 
third layer, or mesoblast, while the large cells of the inner layer or 
hj'poblast contain cliromatin to direct most of the secretory activ- 
ities and the formation of tlie epithelium of the alimentary canal. 


NERVOUS SYSTEM. 

Formation o! Neural Canal. — The epidermal cells of either side 
of the primitive streak grow rapidly, forming two ridges with a 
groove between them, which grows deeper and deeper until the 
ridges bend over and join, enclosing a tube which is to be the 
canal of the spinal cord (Fig. 261). The anterior end of this tube 
enlarges into three bidbs which correspond to the ventricles of 
the brain, and as they increase in size they fold over ventrally or 
tonard the center of the sphere until the first and second are at 
right angles to the original tubular part. 

As the outer layer forms the tube of the central nervous system, 
the inner layer folds off a blind pouch from the general cavity of 
the sphere which is to form the anterior part of the alimentary 
canal (Plate XX) By this time development is complicated by 
the formation of the embryonal membranes, the amnion and allan- 
tois, but we may omit these entirely for our purposes 

The diagram from Quain’s Anatonnj (Figs 262 and 263) illus- 
trates the condition just described, showing the embryo in longi- 
tudinal section, tlie bending over of the anterior end of tlie neural 
canal to form the mid- and forebrain and the foregut, or esophagus, 
a blind pouch ending anteriorly under the raidbrain and posteriorly 
opening into the cavity of the sphere now called the yolk sac This 
pouch IS lined by hypoblast and covered by mesoblast and epiblast. 
The iieart has already begun its development in the mesoblast on 
the ventral side of the foregut 

Branchial Arches. — ^I’hcrc now appear what are called the gill 
shts, openings from the forcgiit through its walls to the surface of 
the cnihrio, which are separated by thickenings of the wall forming 
arches around the gut known as the visceral or branchial arches, 
at the center of each of which is found a bloodvessel These struct- 
ures are to be compared to the gills of a fish, which are slits through 
the wall of the esophagus to the outside, so that w'ater taken into 
the mouth may pa^s out through the shts At tin's time, too, the 
arrangement of the bloodvessels exactly resembles that of a fish, 



Fia 2 <jI Stage# ir the Aisteraioo of the mcduliao groove mto the oearal tanal 
iTom taji end of emhrjo of the m mp medut'ao groove nc neural caasl 
en notochord ep epiUast hy hypoblut me mesobJast ea ceiom om aoioKia 
<Aft«e Quam ) 


Stotaodeem — Piatt \\I from Quams Anatom}/ and Pig 2(rl 
from ilortv t, Text hoof qf Vtabtyologv slio’ivs tlie embrjo at 
tins stage and the arrangement of the bloodtcs th As the fore- 
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as the dental ridge In sections the cells piled up abo\e the surface 
are usuallv washed off more or less by the reagents, but the depres 
sjon into the mesoderm js shown On the hngval surface of th/s 
ridge m the part embedded m the mesoderm, the cells of the JIa! 
pigliian la> er grow out hnguilly at right angles to the ridge, fonn 
mg a continuous shelf loiown as the denial hmtna (Tig 271) It 
IS important to remember that the lamina js continuous along the 
entire extent of the ndge 
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Fia 271 — Tbff deoUtl nds9 «>d dental lamioa 


The Enamel Organ — 1 root ten points on the surface of tlie /aranit 
little buds of epiblist start and grow down into the mcaoderm, 
increasing in ^ize and becoming bulbous at the deep end The 
Ihilbous portion gradually becomes flattened At this stage t c 
bulb IS composed of an outer iajer of columnar cells continue s 
with the Malpighian liver of the ndge and a central mass o! arge 
polvhedral cells (Fig 272) As the bud continues to grow into 
the mesoderm the ^le^ode^nlc tissue below it begins to con ensc 
and the cells of the upper portion of the bulb grow mg more rapi } . 
convert the bulb into a two-Iavered bag 
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The Dental Papzllas — The cells in the condensed mesoderm 
multiply and grow up into the cavity of this cap, forming the begin- 
hmg of the dental papillie This stage is represented in Figs 273 
and 274, in which the enamel organ is seen connected with the 
lamina by a cord of epithelial cells, and made up of an outer layer 
of columnar cells known as the outer tunic, and an inner layer of 
columnar cells lying next to the dental papillae, known as the inner 
iumc The polyhedral cells between the two layers fill the central 
part of the enamel organ and have taken on a peculiar appearance, 
which has given to them the name of the stellate reticulum The 



Fio 272 — A section through the mmdibular arch E, enamel organ, D, begin- 
ning of the dental papilla, B, bone, F, fold from the side of the mandible to the base 
of the tongue coienng the beginmng of the sublingual gland, T, tongue 


development of the tooth germ now progresses until the dental 
papilla has taken on the t.iTiical form of the tooth. The fully formed 
enamel organ for an incisor of a sheep is shown in Fig. 275. The 
cord which connects the outer tunic with the surface epithelium is 
not shown in this section 

The Tooth Germ — ^The tooth germ is composed of the enamel 
organ, made up of the outer iumc, the inner tunic, and tlie stelhte 
rclicuhm, covering the dental papilla; From the base of the 
papilla; fibrous tissue develops, growing upward around the entire 
tooth germ and enclosing it in a definite wall or sac of fibrous tissue 
This is known as the dental follicle, or the follicle wall. 
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The Dental Polbcle — ^This teim has been used to indicate not 
sirapl\ the connective tissue wall but alJ of the structure enclosed 
in It Tins use of the term, however, is confusing, and the term 
sliould be confined to the fibrous sac Bv the end of the tneJfth 
week the folJicle wall has grown up so as to enclose the enamel 



organ uni the epithelial cord which his connected it witi 
surfKc IS broktn , 

Tooth Germs of the Permanent Tooth — Before the epithcha cor 
IS broken from some point on the lingual surface of the outer uni 
or along the cord a bud of tpithehal cells grows out ao 
down into the meboderm pab.«ang over the follicle wall (rig ' 
This continiKs to grow downvrard until it has reached the , 
below and to the lingual of the tooth germ for the temporarv o * 



BEGINNING OF CALCIFICATION 




where it develops into the enamel organ for the corresponding per- 
manent tooth It goes through the same changes of form as has 
been seen m the temporary teeth 

Beginning of Calcification —About the sixteenth week the tooth 
germs of all the temporary teeth have been completely enclosed 
in their follicles and the enamel organ for the corresponding per- 
manent teeth have begun their development (Fig 277). This 
illustration shows a section through the lower jaw of a pig, and 



Fig 274 — The enamel organ, a httle older than Fig 273 It shows the outer tumo, 
the inner tumc, and the stellate reticulum The dental papilla in the hollow of 
the cap The spaces are caused by shnnkage 


exhibits the tooth germs for two incisors at about the stage of the 
closing of the follicle walls. The buds for the permanent teeth are 
seen on the lingual, and the formation of enamel and dentin is 
just beginning m the temporary teeth Notice the remains of 
Meckel’s cartilage, and the extension of endomembranous bone 
formation which is just beginnmg to form a periosteum on its 
surface The bone has grown around Meckel’s cartilage and around 
the tooth germs on the buccal and lingual, enclosing them in an open 
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groove, vvlucli vv^H later be completed aiu! divided into separate 
crjpts /or eacli tootJi Tig 278 is from a sirmhr specimen in the 
region of a teniponrv molar Ihe dental papilh is taking on the 
form of a crown and the formation of enamel and dentin is mdj 
to begin The cells on the outer laver of the dental papilla have 
developed into odontohlasts forming a single liver of columnar 



Tiu 2 5 — The gerna fHMBlhemawdiWoofaghcep The enamel organ show* 

the outer tun loner tunie and st«U-\tc reb<.alum The dental papiHa 
the enatn I rgan Th fonu*le is nWaehed to tl«s base ol the denial pap Ha *“’1 
surrounds th eiiaraci organ Thespicolesofbooo/orin tboiO'pt'rall 


cells l>ing in contact nith the inner tunici of the enamel organ 
Here the form ition of enamel and dentin begins, the dentin slighuj 
preceding the enamel ^Tie odontoblasts form and calcifv dentin 
matrix from without mvvard The cells of the inner tunic orameo- 
blasts form and calcifv the enamel rods and cementing substance, 
progressing, from within outnatd The line upon which the odonto 
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blasts and ameloblasts lie in contact therefop will become the 
dento-enamel junction The formation of dentin and enamel begin 
at separate points, which are at first very close together, but are 



Fig 276 — The tooth germ showing the bud for the permanent tooth at P Cal- 
cification IS just beginning P, folhcle wall, D, dental papilla, T, inner tunic, T', 
outer tumc, S, stellate reticulum, 0, odontoblasts, A, ameloblasts, B, bone 


carried farther apart by the growth of the dental papilla, until they 
have progressed along the dento-enamel junction and unite, when 
the increase in the diameter of the dental papilla is stopped. This, 
perhaps, will be better understood by studying Figs. 82 to 87. 

First Permanent Molar.— The origin and development of the first 
permanent molar differs from that of all the other permanent 
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Fic 2 " ~A Kciion th ouffh Uic to«cr jaw of a embryo piC< abowios sermi ol 
two wesson 



Fii 27S — Germ of a pmootar from ao embryo pi 




Chronology of the Dental FoiiUCLb in Man (Lcgros and Magitot) 


FIBST PERMANENT MOLAR, 
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THE DEVELOPMENT OF TUB TOOTH CEEM 


teeth m important respects It n tlic onl> permanent tooth whose 
enamel organ springs directly from the dental lamina m the same 
way as those for the temporary teeth It is the onl^ permanent 
tooth whose crown is calcified before the individual is thrown upon 
its own resources for the obtaining of nourishment Nature seems 
to have taken special precautions in the formation of this most 
important tooth 

About the seventeenth week, at a point on the dental lamina 
posterior to the enamel organs of the temporarj teeth a bud starts 
to grow down into the mesoderm, which develops into the enamel 
organ for thi first molar, and bj the ninth month the follicle is 
complete and calcification has begun 

The On|in of the Second and Third Molars — The enamel organ 
for the second molar is formed from a bud given off from the outer 
tunic of the enamel organ of the first molar The enamel organ 
for the third molar is formed from a bud given off from the outer 
tunic of the enamel organ of the second at about the third >ear 

Chronology — ^The development of the teeth was first investi 
gated bj Lagros and Magitot (about J8C5) Since that time their 
w ork has been repeated and v ertficcl bi sev eral m\ cstigators About 
1880 Dr Black repeated the entire work of Magitot and some of 
hi3 illustrations w ere used bj Dr Dean m Ins Translation of Magi 
tot Memoir Magitot’s table, showing the chronology of tooth 
dev elopment, is giv en on page 320 

The previous pages are to be considered as a senes of definitions, 
and descriptions of structures and now the student is assumed to 
have some idea of what is meant when the “dental ridge, ’ or the 
“ dental papilla is mentioned 

In embrvology so manv things are going on at the same time and 
the changes are so rapid tliat it is difficult, especiall) from written 
description to obtain a clear idea of the process Unfortunatel} 
a moving picture of the development of tht tooth cannot be made 
b> direct photograph} as has been done with the growth of plants 
and the opening of flow ers, but it is important to visualize tiie proce‘>s 
as would be done bj a moving picture tlie present description is 
intended to connect and relate m a most elementary w a> some of the 
most important facts , 

The First Indication of Tooth Development —The first indication o 
tooth development is the multiplication of epidermal cells a ou 
the maxillar} and mandibular a^es Tins produces a coni ^ , 
of epiblastic cells projecting above the surface of the jaw arch an 
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at or near the base of the papilla, but npullj extends upward 
(incisallv ) pissing outside of the outer tunic inclosing both structures 
m a fibrous sac When this formation of fibrous tissue reaches the 
incisal extremit} of tlie enamel organ and ipproachts the point 
from w Inch the cord of epithelial cells extends to the lamina, the cord 
IS broken md the enamel organ is no longer connected with the 
surface At this tune four important things happen (1) TJie begin 
ning of calcification of enamel and dentin, (2) the breaking up of the 
outer tunic of the enamel organ v hich begins at the point rbere the 
cord lias broken, (3) a marked proliferation of epithelial cords and 
masses arising from the cells which formed the cord, (4) the begin 
ning of the bud to form the enamel organ for the successional 
tooth 

The Breaking up of the Outer Tonic — When the follicle v. all closes 
over the incisal cxtreimtj of the enamel organ, there appears on 
the outer ’surface of the outer tumc of the enamel organ little 
rounded projections of epithelial cells, and the lajer is broken up 
At the same time there is the formation of capdlarv bloodces-eh 
from the follicle wall, which carr\ the remains of the outer tunic 
down against the inner tunic to form the stratum intermedium 
(Fig 23b) There 13 an intimate relation between capillar> blood 
\essela and the stratum intermedium Leon "W illiams considered 
that the cells of this laver take up matenaL from the blood and 
elaborate them to be used bj the ameloblasts m the calcification of 
enamel Enamel is formed onij as far as the stratum mterniedium 
IS formed, although the inner tunic of the enamel organ extends 
apjtalh along the dental papilla toward the end of the root as far as 
dentm is formed 

The Breaking up of the Epithelial Cord — \fter the closing of the 
follicle wall the cells which formed the cordmultipK and are mixed 
With fibrous tissue This is no longer a continuous cord of epithelial 
tells, but irregular strings and masses of epithelial cells I>mg m the 
fibrous tissue This has been tailed tlie cingulum extending from 
the follicle w all to the surface epithelium 

It often happens that tlie epithelial mas es take on globular 
form and it la probable that occasional!) one of these mas deselop 
into an enamel organ and lead to the formation of a supemumerars 
temporarj tooth . 

The bud for ike eorreejHmding permanent idoth grows dowr^’an 
(apically) ilong the lingual side of the germ of the ttmporao toot 

outside of its follicle wail until it comes to a position below and tot ». 
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THE RELATION OF THE TEETH TO THE DEVELOP- 
MENT OF THE FACE 

At birth the jaws contain all of the temporary teeth and the 
first molars m a partially formed condition, and the follitles for 
all of the permanent teeth except the second and third molars 
These verj nearlj fill the subrtance of the bone In the growth of 
the bones of the face and the dianges that occur in the transfer 
mation of the child to the adult face, the teeth plaj a most important 
role 

Before considering this subject m detail it is nectssari to recall 
in this connection some things that ha'vtalreads been emphasized 

RELATIOK OP THE TEETH TO THE BONE 

In evolution the teeth ortginallv had no connection with the 
bone It being formed later for rtieir support In erobrjology the 
tooth IS formed fir&t and the bone formed around it In this wa) 
the development of the individual repeats evolution In the stud> 
of the bone it has been emphasized that the oonnettive tissues 
have been specnhzed to meet mechanical conditions, and that 
both ontogtiieticallv and ph\ logeneticalh thej are formed in 
re-'pon>t to mevlnmcd stimuli The mutations of connective tusue 
have })een dwelt upon and especial^ the fact that a bone as an 
orj, in of support nlwajs contains fibrous tissue, and that there is 
a t ontininl oscillation ^tv een formation and destruction, bj means 
of which it lb pcrfectlv adapted to its meclnnical environment 
The tran'iformations of bone m bone growth have been pointed 
out and these wdl be still more carefully studied m connection 
with the growth of the bones of the face 

Some vtars ago the author undertwik a studv of the stmeture 
and growth of the jaws and alveolar process, which resuted m 
very important modificatioiw of the conceptions of the 
given bv stand ird texts Tomes describes the process of deve 
ment as essentiallv an addition at the posterior portions o 
( 334 ; 
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out soine years ago by Walkoff in an elaborate study of the bones 
by the use of the ar-rays By this means he sho-n-ed that the plates 
of cancellous bone in certain areas had a definite arrangement which 
was related to the attachments of certain muscles From the 
examination of sections of the mandible it wiU be found that not 
only is the general form of the bone determined by the forces to 
which it has been subjected, but also that its minute inner structure 
is definitely arranged with reference to these forces The direction 
and arrangement of the plates of cancellous bone are continually 






Fig 2S0 — The distnbution of bone in the alveolar process 

changed and rebuilt to readjust them to the support of new condi- 
tions (Fig 326). 

Cribriform Plates . — ^The alveoli or sockets into which the roots 
of the teeth fit are bounded by a thin, definite wall, which is pierced 
by a great many openings These have been called the cribriform 
plates, or sieve-like plates They unite the cortical plates of the 
bone at the border of the alveolar process, and are fused ufith it, 
on their labial and lingual sides The cribriform plates forming 
the walls of the alveoli are really made up of a thin laver of sub- 
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peridental bone, which has been built on to the plates of cancellous 
bone to attach the fibers of the peridental membrane (Fig 213) 
Within the substance of the bone and surrounding the course of 
the inferior dental artery and nerve is found what Crjer has called 
the cribriform tube This cTtends from the point where the arteries 
and vein enter the substance of the bone on the lingual surface of 
the nmus posterior to the alveolar process and below the oblique 
line and extends through the cancellous portion of the bod> of 
the bone emerging at the mental foramina It is reall> a rather 
definite arrangement of the plates of cancellous bone around the 
vessels and the nerves 



Fig 281 —Skull of oniD6K>ijtaDg 

Alveolar Process — If the adult alveolar process as seen m the 
skull is examined it is apparent that the bone is arranged so as 
to give the greatest support with the least possible bulk, and where 
there is an increase m bulk it is to meet some special force (Fig 
2S0) The incisors and cuspids arc used cliieflv to bite off pieces 
of food and when the food cannot be bitten it is torn and wTenched 
awaj This puts a lieavj strain in all directions on the roots of 
the teeth which must be supported bj the bone For this reason 
the roots of the incisors areusuallj well covered with bone throug 
their entire length The cuspid root is long and the upper porti^ 
of it so w ell supported in the bone at the side of the no^e and 
the orbit that the most conv ex portion of it is sorui tunes uncover 
In animals that use the incisors largely for tearing wTenebmg on 
fighting, tlie bone is greatly thickened over the incisal roots, as 
shown in tlie skull of the orang-outang (Fig 281) 
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In the upper molars tlie spreading of tiie three roots gives abun- 
dant support against the direct forces of occlusion The grinding 
motions bring lateral pressure against the inclined planes of the 
cusps, which is met by a thickening of the process in its occlusal 



FuiS 282 and 2S3 — Human mandihlc, bhowins form of tlic bone nnd the positions 
from vliith sertioiis ncrc cut 


third (Fig 280), forming a heavier ring of bone, while the buccal 
roots arc often exposed in their middle third In the molars the 
buccal incline of the lingual cusps of the upper occlude with the , 
lingual incline of the buccal cusps of the lover vhen the jaws are 
brought squarely together, and in the grinding motions the outward 
pressure on the lov cr molars is supported In the great mass of the 


1 ta 



2S1 —Human mandible. “IiowinR form of the Ixjnc nnd the positions from 
■nhich sections were cut. 


body of the bone, while the inward prcbsure is supported by a 
thickening of the occlnsnl third, as the entire alveolar process 
projects linguailv from the body of the bone In the examination 
of an.v collection of vknlls, the amount and arrangement of the 
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bone of the nheolar process wjH be found to he an mdjcatjoa of 
the masticatory hibits of the indivulual 
In examining the sections through the hone of the ahcolar 
process tfie ad'ipt'itioir of the arrangement of hone to the force 
to he sustained should be constantly kept m mind 
Influence of Mechanical Conditions In Evolution —Professor E D 
( opt ' m n long treatise on ‘ Tlic Mechanical Causes of the De\ elop* 
incut of the Hard Parts m Mammals ’ has 
elaborated the fact that the bones of the 
skeletons of all mammals ha^ c been influ 
enced in their de^clopmentbj mediamcal 
conditions, and that their pre ent forms 
ire adaptations to physical environment 
In this he states as n general principle 
of structure, tint the bone is most dense, 
but least in amount, on the sfde in the 
direction toward which forces have been 
<«rtod in development, and less dense 
but greater m amount, on the sides fmm 
which the forces have been exerted 
riitsc statements should be applied in 
the studv of ail the sections shown 
\n old dn mandible was saned through 
in the positions indicated in the illustra 
tion (Iigj, dS3,2S3. and2&4) 

The portion containing the bicuspid 
ind molar on the left side was ground 
through tlic mohr to obtain a section 
parallel with the avis of the tooth The 
portion between the alveolus of the 
cuspid find second bmuspid on the leit 
side was. ground vcrticallv through the 

/ r } area where the first bicuspid had been 

fPig 2S5) Tile portion on the right 
iituiiiii,. Tin two bicuspids and molar was ground to give 
•ritmiis at n^bt ingits to the roots — one in the 

iiK dioutilu miildh of theroot undone just at then apicw 
lh« djsti] portions of the bone were decalcified an 
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Tlie Distnbution oi Bone m tbe Mandible. — CliaptoT on 

Bone, it was stated tliat the arrangement of the layers m the tissue 
could he read as a record of the manner of formation In the exam- 
ination of these sections the arrangement of the lamcllre is to be 



I'k. 2v( 5 — Trnn‘-\rr-o "^rctions tlirouch the roots of two biciispitJs and the first 
molar, s-howlnR dinnbotion of \ionc. 


studied in this wax. ns nell as the distribution of the x'arietics of 
bone. Wlicre the bicu^^pid had been extracted the alx coins lias 
been filled nith fairly compact bone, rounding over the border of 
the process The section ground througli this position shows the 
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Tig 28S —Decalcified sections through the tihcoh of the second and third molars 
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Fig 289 shows a section ground tough border 

!STheCes"“o"gXdV:^^^^^^^^^ of the process is very 



thin, but is thickened in the occlusal third to support the tooth 
against force exerted lingually. On the buccal side the cribriform 
plate of the alveolar wall is connected nith the cortical plate by 



I 




34(5 THE teeth AHE DBVELOPilENT OP THE FACE 


spicules of cancellous bone Belovi tlie apex of the root the cortical 
plates are connected ba cancellous bone in v^lncli the meduUarj 
spaces are much larger Tin. same arrangement of the cortical 
plate and its bracing is shonn in Tig 287 ’which cuts between the 
aKeoh of the second and third molar Tig 327 and Plate M\ 
should be studied in this connection remembering that the bone 
has been formed and shaped bj formation of subperiosteal bone on 
its surface and subperidcntal bone at the border of the process and 
their transformation into Haxeraian sjstera and cancellous bone 
Tig 286 i** cut transserscb Notit^ that the gingival section 
has been turned over m mounting Observe the cribriform plates 
forming the wills of the aUeoh, nnd the wav these are braced 
against V ith other and the cortical plates b\ bands of cancellous 



Fio ’’9'’ •— -Tl e boni betvcio ibc oUeijli of tbe mcaal A»d distjJ toot* of tie £fsl 
molar from Fig 2biC 

bone In anonhmt with tlic principles noted, the buccal plate 

IS thm and virv comput while the Ungual plate is much thicker, 

but mure open m structure and the direction of growth has been 
toward the biunl as the arch of the jaw increased in size hig 
290 show-’ tilt buccal plate with higher magnifications Fig 291 
the lingual phte and lig 202 the bone separating the alveou 
from the mesj i! and di&tal roots of the molar The tlurd figure o 
this series show s onh the tip of the distal root of the molar, but the 
arrangement of platen of cancdlous bone between the cortica 
plates IS nictl> show n , 

The Manila — In the maxilla the arrangement is exactly on e 
<^me plan the details being different because of the difference m 
the shape of tlie bone 
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THE GROWTH OF THE JAWS. 

It has long been noted that at birth the mandible is straight, 
and with the eruption of the teeth the ramus develops and the body 
increases in size. In this process the thickness of the bone is 
increased from the mental foramina to the alveolar border, and the 
body of the bone approaches a right angle with the ramus IMien 
the teeth are lost or lose their function the alveolar process is 
destroyed and the bone reduced m thickness from above downward 
until the mental foramen comes to lie on the upper surface of the 
bone. The mandible performs two functions, a respiratory and a 
masticatory function, and it should be remembered that these 
are influential in its development The object of this section is 
to give some conception of the direction of growth in the devel- 



Fig 293 — Skull at brrth 


opment of the bones of the face and the way in which the changes 
are brought about 

This can best be done by studying the series of skulls from child- 
hood to old age, in which the outer cortical plate has been removed 
so as to show the developing teeth in their cr;!,Tits and the relation 
of the forming teetli to those already in occlusion (Figs 293 to 
307). At birth all of the teeth except the second and third molars 
have begun to develop, and their tooth germs are Iving embedded 
in tlie cancellous substance of tlie maxillie. In the upper jaw they 
occupy almost all of the space to tlie floor of the nose and orbit 
and there is little if any indication of the maxillary sinus (Fig. 293) 
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Each tootli germ is enclosed in a separate crj-pt, the wall of which 
IS formed bj a cribriform plate Tlie walls of the crypts are braced 



Fio 294 — Manila at about eigbi months afur birth ahowing the unervpl^ 
tooth 



Fio 295 — Mosiltoat about one > ear 

against each other and the cortical plates of the maxillffi by spicuW 
of cancellous bone surrounding medullart spaces As the too 
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develops within its crypt, pressure is exerted and the crj^pt wall 
IS pushed backward through the cancellous bone 

Growth Force —The force exerted by the grownng tooth is the 
result of the multiplication of cells in the tooth germ, and is exactly 
comparable to the forces exerted by multiplication of cells in any 
position For instance, the force exerted by the multiplication of 
the cells in a rootlet of a plant is sufficient to force pebbles aside 
and make an opening through hard packed earth Some attempts 
have been made to measure the amount of force, but we can only 
say that it appears to be considerable, acting through short range 



Fig 296 — Maxill® at one and one-half years. 


How this force is generated has been a matter of much speculation 
and investigation It shows some points of similariti^ with the 
swelling of wood fibers when water is added It apparently is 
related to osmosis, and has some direct relations to blood-pressure. 
It IS certainly a very complicated matter, with cliemical affinities 
at the bottom of it 

Forces Influencmg Bone Growth.— IMiile the growing tooth germs 
are producing force which causes conditions of stress of the cortical 
plates, the growth of the tissues w'lthin the mouth— the tongue 
and the associated organs— is exerting pressure upon the lingual 
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ness to think of bones ns solid and unchanging In the studj of 
tliesc skulls the bones of tlie face must be viewed not as solid and 
rigid, but ns containing millions of active cells which are continually 
building and rtbuildiiig their substance 



Fio 300 —Front lew of the ekuli shown m Fir 299 Note the relation of ‘he 
maneat tneiaore and cuspids to each other and the roots of the temporarj tcetb 


Usually somewhere between the seventli and ninth months after 
birth the growth of the central incisors causes the absorption o 
the roof of their crvpts and the tooth moves occlusally, cutting 
through the soft tissues (Fig 294) The formation of cementum 
on the surface of the root and of bone on the w all of the 
attach the connects c tissue fibers and form the beginning of t e 
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peridental membrane. As the tooth moves occlusally the bone 
grows up around it from the circumference of the crj^pt wall, con- 
verting it into the wall of the alveolus The root is not fullj formed 
and the conical pulp filling the funnel-hke end exerts force by the 



Fig 301 — Dentition in the eighth year Note the position of the cuspids and com- 
pare with Fig 303 


multiplication of cells and the blood-pressure, whicli cause the 
tooth to move occlusally and the bone to grow in tliat direction 
At the same time the pressure of tongue and lips exerts pressure on 
the surfaces of the tooth and bone, influencing the direction of 
bone growth. The jaw increases in tliickness m the occlusal direc- 
23 
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tion find grows fora ird and outward At thesame time the groyrtb 
of each successively distal tooth is exerting pressure upon those 
already erupted, causing them to mo\e farther in the occli^l 
direction In Tigs 29G and 207 notice the nay in which the cijpt 
mils are pushed downward b\ the de\elopnicnt of the tooth toot 



fio 302— -The IrfV Bide olUie skull ehcrwninFvg 301 

until the mfirior dental iier\e lies between the floor of the 
and the cortical plate of the lower border In this wav 

pressure mav be produced to cause refle'v nervous symptoms w i 

commonly precede tht eruption of the temporary molars an so 
development continues until all of the temporary teeth are 
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place. About the sixth year the first permanent molars take tlieir 
place at the distal of the temporary- teeth and their cusps interlock 
(¥h. 299). The importance of these teeth can scarcely be over- 
stated. Thev are not only to be the chief means of mastication 



I Fio i03 — Dentition in the c’c» enth jear Note the proirth of the ctisp.ds and 

bicufp.cis. The second molar is about to erupt 

i 

during the period in v liieh the temporary teeth are lost and replaced 
I by their ^ut■ces‘=o^^, Imt they are to maintain the relation of the 

I jaws to c.ich other. The way in wliich the^e teeth lock determines 

\ the balance between the forces exerted by the action of the murcles 
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quently exert pressure upon the mesial surfaces of the laterals, 
pushing them apart and carrj'ing them upward and forward. 

Study the relation of the lower centrals, laterals, and cuspids 
in" the development of the arches at from six to ten years Notice 
that the roots of the central are not fully formed, that the lateral 



Fig 305 —The dentition of a young adult The third molars have not erupted 

(About fifteen years ) 


lies to tlie lingual of the temporary lateral root, and with its mesio- 
occlusal angle below the distal surface of the central The develop- 
ment of the cuspid has pushed the crvqit floor through the cancellous 
hone until it has reached the solid cortical plate, and still the forma- 
tion of the crovn is not quite completed The six teeth form a 
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triangle of which the centrals are the apex, and the cortical plates 
from cuspid to cuspid the base. The completion of the roots of 




Figs SOS and 309 T>erc photographed in the same rclativ e size, to show the amount 
and direction of proi\th, -aath the deaelopmont of the full permanent dentition 


these teeth will carry tlie temporary teeth, alveolar process and 
all, upward, forward, and outward, thus increasing the distance 
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from the ment-il fonmen to the symplu sis and enlarging the arc 
of the jaw from cuspid to cuspid 




Fios 310 aod 311 were photographed in the same retahre Bizc to show the amount 
and direction of growth with the development of the full permanent dentition 


In tlte same skull notice tlie relation of the upper incisors and 
cuspids to the corresponding temporarj teeth Thej lie to the 
lingual of the roots of the temporary teeth, the lateral a little to 
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Figs 312 and 313 nere photographed m the same relative size, to show the amount 
and direcfaon of grovrth, with the development of the full permanent dentition. 
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Flos 3S4 and 315 were photogropbed IQ the same relative size to show the amount 
and direcboD of growth with the devdopment of the full pennaoent dentition 
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the lingual of the central and cuspid The cuspid has pushed 
back the floor of its crypt until it is braced against the solid bone 
at the base of the malar process. The growth of these teeth will 
first cause the temporary teeth to move occlusally, the bone grow- 
ing from the border of the process to follow them. In this growth 
the distance from cuspid to cuspid is increased and spaces appear 
between the temporary inc'sors some time before they are lost. 

If such spaces do not appear, the development is not progress- 
ing normally, and artificial force should be applied to stimulate 
bone growth If this is not done the permanent teeth are sure to 
come in more or less rotated and out of position 
In Figs 301 and 302 the incisors have been pushed off and the 
permanent ones are beginning to move occlusally. Notice the 
relation of the floor of the crypt to the floor of the nose, and the 
root has scarcely begun to develop. In the adult skull (Fig 306) 
there is almost as much space from the apex of the root to the floor 
of the nose as there is now from the border of the alveolar process 
to the floor of the nose. The result of the growth of the cuspids’ 
roots is shown by comparing Figs 300 and 301 with Fig 303 
The Importance of Proximal Contact, — The proper contact of the 
teeth upon their proximal surfaces is necessary for this develop- 
ment If, for instance, the mesial angle of the lower lateral fails 
to engage with the distal surface of the central, but slips by to the 
lingual, the grovi;h of the cuspid will push it farther and farther 
past the central instead of enlarging the arch One of the cogs in 
the mechanism has slipped, and the groni;!! of bone cannot later be 
expected to make room for the crowded teeth 
In the next stage of growth the increase in size is from the mental 
foramen to the ramus, and is largely influenced by the development 
of the roots of the bicuspids and the second molars. Figs. 302 
and 303 show the relation of the second molar to the distal surface 
of the first, and it will be seen that its growth exerts force upon the 
first molar, and this is transmitted through the arch by means of 
proximal contact Notice the inclination of the bicuspid roots, 
which help to carry the growth in the same direction 
After the second molar is in place the growth of the third should 
exert the same force and room be provided foV it (Fig. 304). The 
muscular action of the lips and tongue are specially important 
in these last stages of growth, and particularly the forces that are 
generated by the action of the muscles in respiration and deglutition. 
The activity of the connective-tissue cells in the bone requires 
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nlcchanlc^l stimuli for their maintenance, and as tlic muscular 
action IS Mgoroiis or deficient the growth of hone will be full and 
nornnl or imperfect and unbalanced It appears often that the 
bone activit\ becomes so sluggish that the growth of the thud 
mol ir cannot produce the effect it should, and it remains impacted 
\ comparison of figures will sliow that while room has been made 
for the tliird mohr, all of the upper teeth have moved downward, 
forward and outward and the lower ones upward, forward and 
outward Compare the distance from the apex of the incisor 



Fio 318 — Sixjears Fio 319 — Ten years 

Maiillffi photographed from the tnedian line in the same relative sire to show tie 
amount and direction of growth 






THE GROWTH OF THE JAWS 


365 



Fig 320 — TweUe years 321. Adult. 

MaxiUse photographed from the median bne m the same relative size, to show the 
amount and direction of grorvth. 



Fig 322 — Bone from the buccal plate of the mandible of a young sheep, shomng 
transformations of bone 1, subperiosteal bone, 2, Ha\crsian system bone, S. 
Ha\ ersian system bone becoming cancellous 








THE GROWTH OF THE JAWS 


367 


with the same lens and bellows length, so as to make the pictures 
of the same relative size as the skulls Notice the increase in dis- 
tance from the floor of the nose and the floor of the orbit to the 
edges of the upper incisors, and from the lower border of the man- 
dible to the edge of the lower incisors. It will be seen that if the 
infant mandible were placed in relation to the adult mandible it 
would lie entirely within the arch and m the mouth cavitj*. while 



Fig 324 —A decalcified section from the lingual vertical plate of a hirman mandible, 
showing the arrangement of lamells as a record of growth. 


in the upper the temporary incisors in Fig 315 would be some place 
in the nasal ca4-ity In all of this growth the size of the air spaces 
increases with the movements of the teeth, the floor of the nose 
and palate growing downward and developing. This may be 
shown in Figs. 316 to 321, in which the right half of the mmdlla 
has been removed from dissected skulls and photographed from 
the median line. 



868 THE TEETH AND DEVELOPMENT OF THE FACE 


Tissue Chauges in the Fbysiolofic Movements of the Teeth — ^AII 
that has been said in regard to bone growth must be recalled in 



t IQ 32S — Cancellous bone from a decal«Rcd sectitm of a human mandible ehowing 
reconstructions to change the direction of the spicules 


order to obtain a conception of the manner m which these mote 
ments of the teeth and the development of the bone are accom 
plished Bone laid down under the periosteum and the peridental 
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membrane has been transformed into Haversian system bone and 
then made cancellous, as illustrated in Fig 322, which is taken 



Fig 326 —Decalcified section of cancellous bone from a human mandible, sho-snntr 
absorptions and rebuildines, changing the direction of the spicules 

from the buccal plate of the mandible of a young sheep Reversed 
changes have also been going on, the periosteum cutting into the 
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Haversian bone bj absorption and tlie cancellous bone being con 
densed into Haversian stem bone These changes leave a record 
in the arrangement of the lamella*, and ma v be studied in decalcified 
sections (Figs 323 to 326) Fvcn the direction of the spicules of 



Vi'S — Mongitudjual section through tip of Uie alveolar process til it*® 
porary (doth about ready to bv lost D dentia Cm ceinenlum showing absorpl^o 
sod rebuilditig Pd, p ncb’cital membraDC ff bone growing occlosally at the tetdef 
of the process ffb rebuilt llaverstabaystem bone 


cancellous bone arc being constantly changed by absorptions and 
rebinlflnig to ndjiist them to dinnges of stress 

the ttniporarv teeth are moving occlusally, bone is laid 
down imthr the peridental membrane at the border of the alveolar 
proces*’ which h at once cut out by absorptions and replaced by 
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Haversian system bone (Rg- 2^- girand, 328. IThe 

a veritable patchwork, as sno ^ 
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. ^ Turnip th’nninff and cutting apart the 

to be bent and pushed back. 



Fig 329 shows the alveolar process on the lingual side of the 
temporary incisor, and illustrates the enlargement of the medulkry 
spaces preparatory to the eruption of the permanent tooth, hig. 



PART 11. 

DIRECTIONS FOE LABORATORY WORK. 

(TWENTY-FIVE PERIODS IN THE LABORATORY ) 


PRELIMINARY. 

It is assurned in tins work that the student has had a course in 
general histology, including laboratory work, that he is familiar 
with the technique of handling the microscope, tlie technique of 
staining and mounting sections, and that he is able to recognize 
at once the elementary tissues The same outfit is required as for 
general histology, including slides and blank labels for them; 
cover-glasses, teasing needles, forceps, section lifter, a tube of 
balsam; a funnel, pipette, filter paper and lens paper; 6 one-ounce 
reagent bottles containing xylol, absolute, 95, and 70 per cent, 
alcohols, hematoxylin, and eosin; at least two chip butter dishes 
that can be used for staining, a box for the slides, a note-book; a 
hard and a soft drawing pencil; a good eraser; and a piece of clean 
soft linen for wiping slides and cover-glasses 

Teeth for Grinding. — It is difficult to obtain .satisfactory teeth 
for the grinding of microscopic sections, and the student should 
bring to the laboratory a number of suitable teeth from winch 
selection can be made. Old, dry teeth arc absolutely useless for 
the purpose, however perfect their structure may have been. IVhen 
a tooth has been extracted for some time the tissues dry out, giving 
up a considerable amount of water, and consequently shrink 
The shrinkage of dentin and enamel is unequal, and the result is 
a cracking of the tissue. The observation of the teeth in any .skull 
will reveal cracks in the enamel that may be seen with the naked 
c>o, the tooth often splitting lengthwise. Besides the cracks that 
can he seen, the tissue is full of microscopic cracks When the 
grinding of sections from such teeth is attempted, before the sec- 
tion is reduced to sufficient thinness for microscopic observation 

(V7) 
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the enamel ■will break to pieces and be lost A tooth that is to be 
used for grinding must be placed m solution as soon asit is extracted, 
and never at any stage of the process be allowed to dry, until ready for 
mounting Any solution that will prevent decomposition will do 
for this purpose The best that I ha\ e found is a 4 per cent formal 
dehjde in 50 per cent alcohol This may be roughlj prepared by 
diluting 95 per cent alcohol with an equal volume of water and 
adding one part of formalin to nine parts of the diluted alcohol 

Alcohol 45 c c 

■Water 45 c c 

Fotmalia 9 c c 

This solution not onlj prevents the drjing, but has a hardening 
action on the organic matter, which facilitates the grinding Teeth 
maj be preserved in this indefinitely 
Teeth Required —From his collection the student should select 
for grinding an incisor or cuspid, a bicuspid, and a molar The 
teeth should be free from canes and their crowns as perfect as 
possible 

The Relation o( the Section to the Crown — ^Tbe practical value of 
the studv of ground sections depends upon obtaining from them a 
knowledge of enamel rod directions in relation to the tooth crown 
as well as the section In operating the teeth are looked at from 
their outside surface, but the operotor needs to see in the enamel 
not simply a hard and extremely dense tissue, but a tissue made up 
of minute rods whose general direction he knows beforehand If 
a tooth IS selected and a section cut from it m a kno^wn position, 
and the relation of tlie section to tlie crown remembered, the direc- 
tion of enamel rods can be placed in relation to the entire crown as 
well as to the section This is one of the objects to be sought m 
the making of the outline drawings 
Location of the Section — ^Having selected the teeth for grinding, 
the next step is to locate the position and direction of the section 
This must be so placed as to cut the enamel rods m their length 
The section from the incisor or cuspid should be ground labiohn 
gually but the section from the molar and bicuspid may be ground 
either buccohngually , mesiodistally, or diagonally The surface 
of the tooth should be considered and the section placed in an 
area in which the student desires to discov er the enamel-rod direc 
tions and the structure of the tissue The line of the section should 
now be marked on the tooth with India ink and a fine pen 
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The Drawings of the Teeth —After marking the position of the 
section the tooth should be carefully and accurately drawn, sho\^ ing 
the position of the section as seen from the axial and occlusal 
surfaces 

Grindmg of the Section. — ^Every institution should have a machine 
for the preparation of ground sections, but such a machine is too 
delicate an instrument to be handled by students. In the appendix 
will be found a chapter written by Dr Black describing the grinding 
machine and the techmque of its use If one is available, the student 
may have his sections ground for him and returned ready to mount, 
or he may grind them himself, using the following technique: 

Preparation of Ground Sections of the Teeth. — ^For this work the 
student should have two large corundum stones not less than four 
inches in diameter, one of “C” and one of ‘'E” grit Corundum 
is very much better than carborundum for this purpose In grind- 
ing the stone should be kept revolving slowly and moistened with 
a stream of water Holding the tooth against the flat side of the 
coarse stone with the fingers, the tissues should be rapidly ground 
away until the position marked for the section is reached, when the 
fine stone should be substituted and the grinding continued just 
enough to remove the scratches. The surface should now be 
polished on the Arkansas stone until a very perfect surface has 
been obtained. Wash the specimen clean and immerse in several 
changes of 95 per cent alcohol, and leave in absolute alcohol in 
a closed bottle for several hours or over night Harden a drop of 
balsam on the center of a clean slide by warming it over a Bunsen 
burner to evaporate the xylol When tlie slide is cool the balsam 
should be neither sticky nor brittle. Now remove the tooth from 
the alcohol, wipe it dry, and, placing it on the balsam with the 
polished surface next to the glass, gently warm the slide until the 
balsam is thoroughly softened, and press the tooth down against 
the glass and clamp it firmly in position, using a spring clip Set 
it away to harden thoroughly, when the grindmg may be continued 
Holding the slide parallel with the surface of the coarse stone, 
the tissues may be rapidly removed until the section is about as 
thin as a calling card, when the fine stone should be substituted 
and the section reduced to the required thinness It should not be 
more than tw^enty microns in thickness In the final stages progress 
of the grinding may be follow^ed wnth a hand magnifying glass 
Finally the surface should be polished on an Arkansas stone. The 
specimen should now be washed with alcohol, the balsam removed 
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principles ol art can in a very short time acquire the ability to make 
excellent microscopic drawings A few principles of procedure will 
help greatly The first of all is that a light line can always be 
made darker, therefore the dravring should always be kept light 
until the later stages. 

After selecting a field, draw lightly the outline of the principal 
masses and then the outlines of the smaller ones In this way the 
proportion of objects in the field and their relation to each other 
can be maintained Never draw any detail such as individual 
cells, nuclei, etc , until all of tlie outlines are completed. Then 
work in the details in the darker colored areas The making of 
the outlines is by far the most important stage m the drawings 

Each outfit should contain a 6 H and an H-B pencil and a good 
eraser, which must be kept clean The pencils should be kept 
sharp and always used with a light touch upon the paper The 
beginner always tends to start his drawing by making a circle. 
This should be avoided, for it is objects that are being studied, 
not fields, and m many cases the object cannot be bounded by a 
circle. There is also a tendency to represent the object smaller 
on the paper than it appears in the field 

The prime qualities in a microscopic drawing are accuracy and 
correctness of detail The drawings are made to show all the detail 
of structure that can be observed It often happens that a draw- 
ing that looks very well shows very little knowledge of the structure 
of the tissue which it represents 

Stencilled Laboratory Notes. — ^In fifteen years of teaching the 
author has found stencilled notes on the daily work m the labora- 
tory of very great assistance There are always variations m the 
appearance of the material which cannot be anticipated before 
the sections are cut Very often something will be seen unusually 
well that would not be mentioned in the text-book Different 
stains may have been used which would cliange the appearance of 
the tissues, and for all of these things and many others daily notes 
are very convenient 


USE OF DIRECTIONS FOR LABORATORY WORK. 

At the beginning of the laboratory period the first thing to be 
done is to read through the directions for the day’s work The amount 
of work for the day is then clearly in mind, and all the steps in any 
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to tbe other surface. The vaseline is to confine the action of the 
acid to one surface of the enamel. Holding the section by the 
root portion, immerse the crovm in the dilute acid for thirtt- seconds^ 

D/Sr/!L SURFACE 



Fig. 332. — Dravnng of occlusal and axial surfaces of a tooth to sho" the relation 
of the section to the tooth. (DraTTi by tV. A. OSh 1910.) 


or imtil minuie bubbles can be seen forming upon the surface. 
Remove and immerse at once in the dilute ammonia for a minute. 
Remove the vaseline by carefully wiping the section with absolute 
alcohol or ether, and immerse in 95 per cent, alcohol. In this it 
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to the other surface. The vaseline is to confine the action of the 
acid to one surface of the enamel. Holding the section by the 
root portion, immerse the crovm in the dilute acid for thirty seconds, 

D/STAL SURFACE 



Vio 332 — ^Drawng of occlusal and axial surfaces of a tooth to show the relation 
of the section to the tooth (Dra-^ by W A. Offil, 1910 ) 


or until minute bubbles can be seen forming upon the surface. 
Remove and immerse at once in the dilute ammonia for a minute 
Remove the vaseline by carefully wiping the section with absolute 
alcohol or ether, and immerse in 95 per cent alcohol. In this it 
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and the coarser points of their structure. To get the value from 
this work the drawings must be made very accurately to scale and 
as large as the note-book page will allow With the Boley gauge 
or a millimeter rule measure accuratelj’^ the length of the section, 
multiply this by eight or ten, and mark the length on a page of the 
drawing book Measure the width of the section at the point of 
the greatest diameter and multiply this by the same factor Using 
this for the width and the previous measurement for the length, 
lightly draw a rectangle, which is to be used as a guide in the con- 
struction of the drawing. The success of the drawing now depends 
on the accuracy and number of the measurements 

First measure the vertical distance from the incisal edge to the 
gingival line on one side of the section, and then on the other, and 
mark these on the sides of the rectangle This will give the rela- 
tive length of root and crown and the difference, if any, in position 
of the gingival line on the two sides Pleasure the vertical dis- 
tance from the most prominent point on the axial surface to the 
incisal edge or the tips of the cusps, and so on, making every 
measurement that can help in the formation of the drawing. In 
this way the outline of the section should first be traced inside the 
rectangle, then the dento-enamel junction, then the pulp chamber 
is shouTi, and finally the cementum. Before drawing the outline 
of the cementum, the section should be placed under the micro- 
scope, using the low power, and the cementum should be observed, 
studying it from the gingival line on one side of the section to the 
gingival line on the other. 

It would be a waste of time to attempt to fill in the structure of 
the tissue of the entire outline, and only certain things are to be 
shown in these drawings For that reason fill in three portions of 
enamel and dentin and three portions of cementum and dentin, 
using the low-power objective Study first the bands of Retzius 
(page 68), and lightly indicate their direction. Study the enamel- 
rod direction, beginning at the gingival line at one side and follow- 
ing it around the crown to the other side. In a portion at the 
incisal edge, or on the occlusal surface, indicate the rod directions, 
and in the same way show them in a portion near the center of 
the axial surface on one side and near the gingival line. Follow 
the dentinal tubules which end next to the portions of enamel 
uhich have been filled in to the point where they open into the 
pulp chamber, and indicate their direction (page 139). In the same 
uay fill in three portions of the cementum and the dentin under 
25 
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♦h«m — one m the gmgi^al line one near the middle of the root 
and one in tbr region of the apex (Fig 333) 
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Outline drawings should be made from each of the three classes 
of teeth — one from the incisor or cuspid^ one from a bicuspid, 
and one from a molar, and a laboratory period should be devoted 
to each drawing, 

PEBIOD IV. 

Isolated Enamel Rods. — Obtain from the desk a fragment of 
enamel which has been broken in the direction of the rods Place 
a drop of distilled water or glycerin on the center of a clean slide 
Moisten the broken surface with a drop of water and lightly scrape 
it with the blade of a broad, sharp, chisel, holding the edge parallel 
with the surface and the shaft at right angles to it. Dip the edge 
of the chisel in the drop of liquid on the slide, and the scrapings 
will be left Cover with a cover-glass and study with the high 
power, using a small diaphragm Fragments of enamel will be 
found made up of broken rods, some single and others in groups. 
Note the diameter of the rods and tlie appearance of the cross- 
markings, which will be seen if the light is properly adjusted. 
Draw as seen with the high power 

Repeat this operation, using enamel that has been immersed in 
1 per cent hydrochloric acid for a number of hours Compare 
the appearance of the rods with those of the former specimen and 
make a drawing as seen with the high power. 

Find an old tooth with a large carious cavity, remove the softened 
dentin without touchmg the enamel if possible Lightly scrape 
the whitened inner surface of the enamel next to the cavity and 
mount the scrapings as before Compare the appearance of these 
rods isolated by the action of caries with those of the previous 
specimen Notice that the cross-markings are more distinct and 
the expansions and constrictions of the rods more prominent. 
Draw a few of the rods as seen vdth the high power, using the small 
diaphragm. 

PERIOD V. 

Mmute Study of the Enamel and Dentin.— Select a field from 
one of the ground sections where the specimen is very thin, and, 
if possible, where the entire thickness of the enamel plate can be 
seen in one field with the f objective. To select this field all of the 
enamel in the three sections should be carefully studied with the 
low power, and the one chosen in which the rods can be seen best 
and can be most easily drawn Having selected the field, study 
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the enamel with the high power, beginning at the dento-enaroel 
junction NoU the form of tlic dento-enamel junction and the 
relation of tlie two tissues at tins point Note the diameter of the 



Ti 331 — High poner (Iranioi; of tfae eoasi^ (Drown by A B Hopp r 
1902-03} 


f n imel rod and eslim itc it using i rc<! blood corpuscle as a staled 
ard of mtasurenunt Note the strmtion of the enamel (page 67) 
Lbing both the [{HI and tlu. high power draw as accurately as 
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possible the enamel from the surface to the dento-enamel junction, 
showing all the details of structure that can be made out 

The drawing should be made as long as the page will allow, and 
need not be more than an inch wide, and should include just enough 
of the dentin to show the dento-enamel junction and the character 
of the dentin at that point (Fig 334). Notice tlie diameter of the 
dentinal tubules, comparing them with the red blood corpuscles 
and the enamel rods Note the amount of matrix that separates 
the tubules Observe the forking and the anastomosis of the 
tubules as they approach the enamel, and follow them as far as 
possible 

PERIOD VI. 

Minute Study of the Cementum and Dentm. — ^Yith the low power 
study the cementum in the three specimens, looking for all the 
details of structure that can be made out (see page 154). In the 
gingival portions and often well toward the apex, especially if the 
tooth is from a young person, the cementum will be very thin and 
almost structureless in appearance With the high power, fine 
lines parallel with the surface may be seen, which mdicate the 
lamellae In the apical portion the cementum becomes much 
thicker, and it will be seen that each layer is thicker and conse- 
quently more easily seen Little black spots looldng like spiders 
will be found in larger or smaller numbers These are the lacunae 
with the canalicuh radiating from them. They were filled in life 
by cement corpuscles Look for embedded fibers of the peridental 
membrane In all of this work each field should be studied with 
both the low and the high power. 

The inner layer of the cementum next to the dentin is clear and 
structureless, and the dentin adjoining it appears with the low 
power as a granular layer known as “the granular layer of Tomes ” 
Studied with the high power, the appearance vdll be seen to be 
caused by irregular spaces in the dentin matrix communicating 
with the dentinal tubules and filled in life with protoplasm of the 
fibrils Compare the dentin in the root with that in the crown 
(page 143) 

After studying all the cementum in the three sections, select 
three fields, one from the gingival, one from the middle, and one 
from the apical portion of the root, and draw the tissues from the 
surface of the root to the pulp chamber. Show all the details of 
structure that can be made out with both low and high powers 
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ink, or ordinary ink to whicli a little sugar lias been added Now, 
using both the high and the low power, study the direction of the 
enamel rods as they appear in the line of the cavity wall, and make 
a drawing showing the structural requirements for a good wall in 
this position From any one of the three sections select a field 
in the gingival third of the labial or buccal surface and indicate 
the line of a cavity wall in the same way Study vdth the low and 
the high powers the direction of the enamel rods as they appear 
in the line of the walls of the cavity, and make a drawing showing 
the structural requirements for good walls in these positions (page 
107). 

PERIOD vm. 

Outline Drawings from Transverse Sections of the Root. — ^The 
ground sections of the root have been prepared and should be 
brought to the laboratory in solution, ready for mounting The 
three sections should be mounted together under one cover-glass, 
using balsam about the consistence of molasses. The sections may 
be studied at once, but after the day’s work upon them they should 
have a spring clip adjusted to the cover-glass and be put away 
until the balsam is thorouglily hard, otherwise they may work 
out to the edge of the cover-glass With the millimeter gauge 
measure the length and breadth of each section, multiply the 
measurements by twenty, and lay off a rectangle as in making the 
longitudinal drawings Draw the outline of the section and the 
pulp chamber as accurately as possible before studjdng the section 
with the microscope With the low power follow the dento- 
cemental junction around each section and draw it into the outline 
Fill in half of each section, showing the direction of the dentinal 
tubules, the position and character of the granular layer of Tomes, 
the number and positions of the lacunae, and the other structural 
characteristics of the cementum In this study the record of the 
reduction of size of the pulp chamber which may be noted by changes 
in the direction and the character of the dentinal tubules (page 
152). Label the section with the name of the root from which it 
was ground, jmur name, and the date. 

PERIOD K. 

Study of Secondary Dentin and Cementum.— -With the low power 
find a field where there is a distinct demarcation between dentin 
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of earlier and later formation, and draw it accurately wath the 
high po\\er Compare the siie of the tubules, their number, their 
direction, and their diameter m the earlier with the later formed 
dentin Is there anj connection between the tubules of the two 
portions? Tind a similar field from a longitudinal section and 
stud> m the same w aj , making an accurate drawing 
Search all of the ground sections with the low power until a field 
13 found where the dentinal tubules are cut transversely Adjust 
tbe high power objective and study the field Notice that bj 
focussing up and down with the fine adjustment the tubules seem 
to mov e in a circle, shownng the spiral course through the matnv 
Using a red blood corpuscle as a standaitl note the size of the 
tubules, their distribution in the matrix, and tbe amount of matrix 
separating them Look for the appearance of Newman s sheath 
which 13 that portion of the matrix forming the immediate wall 
of the tubule Draw accurately one field as seen wath the high 
power Study the cementum from all the ground sections for an 
area showing absorption and rebuilding and if found, draw one 
field with the Ingh power Draw five or six lacuna with their 
canaliculi as seen with the high power, selecting as great a variety 
of forms as possible 


PEBIOD X 

Ground Sections of Bone — From a shaft of a femur or humerus 
saw a disk about one-quarter of an inch thick In doing this 
notice the appearance of the marrow cavity especiallv as you look 
into It toward the articular ends Saw the disk into sectors with 
an arc of about a quarter of an inch on the outer surface From 
this piece saw tw o thin slices — one at right angles to the axis of 
the bone, the other parallel with it These should be ground as 
directed in the introduction for the grinding of transverse sections 
of the root and be brought to the laboratorv readv to mount 
They sliould be mounted in hard balsam as described in the mount 
mg of longitudinal sections of the teeth Label the slide with the 
name of the bone from which the section is taken and the direction 
m which It IS cut Study the transverse section with tlie low 
power working out the arrangement of the laraelJ'e and the dis 
tribution of tlie subperiosteal and Haversian svstem bone fp 
213) Draw the tissue from the surface of the bone to the marrow 
cavitv This drawing should be not more than an inch wide and 
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the full length of the page. With the high-power objective draw 
one or two Haversian systems. 

Study the arrangement of the Haversian canals as seen in the 
longitudinal sections With the high power draw at least three 
lacunae, showing one cut lengthwise, one transversely, and one as 
seen from above 


PERIOD XI. 

Decalcified Bone. — One of the bones from a small animal has 
been decalcified, embedded, sectioned, and stained with hematoxylin 
and eosm Receive from the desk two sections, one of which is 
cut longitudinally, the other transversely hlount m balsam m 
the usual way Label the slide with the name of the animal, the 
bone from which it is cut, and the direction of the section Study 
the transverse section with the low power, noting the bone cor- 
puscles in the lacunae, the tissue in the Haversian canals, and the 
marrow With the high power draw one field showing two or three 
Haversian systems, one of which has been partially destroyed in 
the building of another Draw with the high power one field from 
the marrow cavity. From the longitudinal section draw, with the 
high power, one field showing osteoblasts in a medullary space 


PERIOD xn. 

Comparative Study of Subperiosteal Bone and Cementum. — For 
this day’s work the previously mounted sections must be used, 
the longitudinal sections of the teeth, the transverse sections of 
the root, the ground and decalcified sections of bone Study the 
cementum and the subperiosteal bone as shown in these sections 
and make one drawing of cementum and one drawing of sub- 
periosteal bone to show the comparison in structure Compare 
the regularity in form and arrangement of the lacunie in the bone 
with the irregularity in form and position of the lacunie in cemen- 
tum Note that in the bone the lacunie he between the layers, 
m the cementum they may be between the lai'ers or entirely within 
a single layer Compare the regularity in the arrangement and 
thickness of layers with the corresponding irregularity in cementum. 
Note tlie size, number and arrangement of the canahculi radiating 
from the lacunie in bone, and compare them with the canahculi 
of the cementum 
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layers of oval cells Just beyond the odontoblasts the layer of 
Weil will be seen, usually appearing as a clearer layer containing 
few cells and about half as wide as the odontoblasts Beyond this 
the connective-tissue ceils are thickly placed for a short distance, 
and still deeper they are more widely scattered and about evenly 
distributed in the rest of the pulp 
With the high power draw one field to show the form of the 
connective-tissue cells of the pulp With the low power study the 
distribution of the bloodvessels in all of the sections. Select the 
best section and draw the entire section to show the size, number, 
and arrangement of the large bloodvessels With the high power 
draw a single field to show accurately the structure of a bloodvessel 
wall. 


PERIOD XV. 

Dental Pulp, Pathologic Human. — By the cooperation of the man 
in charge of the extracting room, or an extracting specialist, teeth 
with living but inflamed or hyperemic pulps were dropped as 
soon as extracted into a fixing fluid The teeth were afterward 
cracked and the pulps removed, embedded, and sectioned’ as 
before Bring to the desk a clean slide with a drop of balsam on 
its center and receive a section Label the slide "Pathologic 
pulp from human tooth stained with hematoxylin and eosin,” 
Follow the same routine in 'studying these specimens as in the 
case of the normal pulp It is impossible to tell just what condi- 
tions will be present Compare the size and number of the blood- 
vessels with those in the normal tissue, and the character and 
distribution of the cellular elements Look for nodules of calco- 
globuli, especially m the inflammatory specimens, and make a 
diagnosis of the condition, as shown in the specimen See the 
chapter on the Structural Changes in the Pulp and Pathological 
Conditions for further assistance on the work in this material. 


PERIOD XVI. 

Endochondral Bone Formation. — forming bone from a human 
fetus has been embedded, sectioned, and stained with hematoxylin 
and eosin Receive a section from the desk and mount as usual. 
Study the specimen with the low power, identifying first the gen- 
eral arrangement of the tissues, following from the unchanged 
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mcnt of the muscle fibers to the outer layer of the periosteum, 
the character and arrangement of the fibers of the outer layer, 
the interlacing of the fibers of the outer and inner layer, the cells, 
and especially the osteoblasts of the inner layer and the penetrating 
fibers that are built into the bone. Drau* the thickness of the 
periosteum as seen with the high power, showing the details of 
structure as accurately as possible. 


PERIOD XIX. 

Gingivus and Gum Tissue. — ^The gingivus and gum tissue covering 
the alveolar process down to the point of reflection on to the cheek 
was dissected away from tlie teeth and jaw of a sheep. The tissue 
was embedded in paraffin and sectioned parallel with the long axis 
of the tooth. TJie sections have been stained with hematoxylin 
and Van Gieson, and are ready to mount. Bring to the desk a 
clean .slide with a drop of balsam on the center and receive a speci- 
men Label the section “Gingivus from a sheep, stained •\\ith 
hematoxylin and Van Gieson.” By this staining the cellular 
elements w ill have a brownish color, the nuclei dark, the protoplasm 
lighter, the white fibers should be bright red, and the clastic fibers 
yellowish It is a specially good stain for connective tissue. Study 
V ith the low power The epithelium will be stained a bron nish 
yellow or purple. It is a stratified squamous cpithehum made up 
of many lasers of cells and with a distinct horny or corneous la^er 
on the surface from the crest of the gingivus to the point nlicre 
the mucous membrane is reflected on to the cheek, or where it 
ceases to be attached to the gum. This layer is yellowish in color, 
and is made up of closely packed scales having no nuclei. They 
are the remains of epithelial cells from which the protoplasm is 
gone, Iea\ mg only the horny material v liich it had produced ^'he 
portion of the epithelial lining the gingival space has no corneous 
la\cr, nuclei lieing seen in the cells at the surface The cells arc 
larger and more loosely jilaced The connective-tissue iiapillm 
and the iirojcctions of epithelium which arc between them are 
extremely long. In the epithelium cinering the aheolar process 
the conncctu e-tissue papilhe arc broader and hot so deej), and the 
colls .ire miKh more eomjiactly arranged At the point of reflec- 
tion on the cheek the epithelium changes its character abruptly, 
(he corneous la\er disappears, the surface cells showing nuelei, 
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mat of gum tissue. Beginning at the center of the labial surface^ 
follow the fibers springing from the cementum to where they are 
lost in the gum tissue or attached to the approximating tooth. 
Draw the .portion of the membrane between the two roots, accu- 
rately representing the arrangement of the fibers The epithelial 
structures will be seen Ijfing between the fibers close to the cemen- 
tum, and should be shown in the drawing (p. 248). 

With the high power study the cementoblasts and the epithelial 
structures Make a drawing of one field, sho'ndng all the details 
of structure as accurately as possible 

With the high power draw one field showing the fibrous tissue 
between the roots and the relation of the fibroblasts to them. 
This-field should include a bloodvessel 


PERIOD XXI. 

Peridental Membrane, Alveolar Portion, Transverse. — ^The sections 
for this work have been cut from the same block as the preceding,” 
but are in the occlusal third of the alveolar portion and as close 
to the border of the alveolar process as possible. Receive a section 
Mount as usual and label the slide “Peridental membrane, 
alveolar portion, transverse, stained with hematoxjdin and eosin.” 

Study the general arrangement of the tissues and make a sketch 
as in the case of the previous specimen. Note the muscle fibers 
from the muscles of the lip attached to the periosteum on the 
labial surface of the process, the bone of the labial plate, the sep- 
tum separating the alveoli, the peridental membrane filling tlie 
space between the bone and the surface of the root, the layers of 
the cementum, the dentin and the pulp. 

After studying the specimen with the low power as carefully as 
possible, draw the peridental membrane surrounding one root, 
including the thickness of the labial plate of bone with its perios- 
teum and a part of the lingual plate In this drawing represent 
accurately the fibers of the peridental membrane, their arrangement 
in the bundles, and the relation of the bundles to each other and 
the bloodvessels To do this the fine adjustment must be used to 
obtain ideas 'of the third dimension of space. With the high power 
draw one field from the wall of the alveolus, showing the attach- 
ment of the fibers to the bone, the osteoblasts on the surface of 
the bone, and the other cellular elements This field should include 
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PERIOD xxm. 

J 

Tooth Germ— The head of an embryo pig was embedded in 
paraffin and sectioned at right angles to the snout. The sections 
begin m the region of the incisors and far enough back to cut through 
the nose cavity. They have been stained in hematoxylin and eosin. 
Bring to the desk a clean slide and receive a section. Label the 
slide: "Tooth germ, stained with hematoxylin and eosin.” 

The general form of the section will depend on the position of 
the section through the head At the desk is the head of a similar 
embryo preserved in alcohol This should be observed so as to 
determine from the section its relation to the head. By holding 
the section to the light and the use of the low power, make a sketch 
of the entire section Note the epiblast covering the outer surface 
and lining the nose and mouth cavity The mass which is to form 
the tongue lying between the roof of the mouth and the mandibular 
arch If the section is in front of the angle of the mouth there will 
be no connection between the upper and lower parts of the section 
Notice the separation of the nose cavitj’’ into right and left by a 
septum containing cartilage, and the projections of cartilage from 
the side walls which will form the turbinate bones. On either side 
of the septum where it joins the palate will be seen little structures 
known as Jacobson’s organ, which later disappear Notice Meckel’s 
cartilage in the mesodermic mass of the mandible. In the epiderm 
of the outer surface the beginning of the formation of hairs are to 
be seen. 

With the low power follow the epiderm lining the mouth cavity 
and look for the tooth germ In each section there are four chances 
for tootli germs, one on either side in the upper and lower arches 
Select the best one and draw it as seen with the low power. The 
appearance will depend entirely upon the stage of development. 

With the high power draw enough of the enamel organ to show 
the arrangement of the cells in the outer and inner tunics and the 
stellate reticulum. 


PERIOD xxrv. 

Tooth Germ. — Sections have been prepared m the same way as 
in the preceding, but from the head of an older embryo, m which 
the tooth germs are completely formed and calcification is ready 
to begin 
26 
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Ileccj\e a section, mount, and label as before and draw the 
outline of tbe entire section N’ott the changes m form and in 
the tissue elements from the previous section Bone formation 
has begun both m the mandible and the maxilla The amount and 
distribution of this should be carefullj studied 

^^lth tlie Ion power draw tbe entire tooth germ, selecting the 
most typical one in tbe section With the high power draw one 
field showing aroeJoblasts, odontoblasts, and a portion of the 
pipillre Find n field m which bone formation is going on and 
draw it nccuntely with the high power 
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THE GRINDING OF MICROSCOPIC SPECIMENS, USING 
THE GRINDING MACHINE. 

Bt G. V. BLACK, M D , D D.S , Sc D , LL D 

The Machine. — ^The basis of this machine is the larger vratch- 
maker’s lathe known as No 2. It must swing 4 inches, the length 
of the bed must be 12 inches, and be good and solid. A test should 
be made of the alignment of the lathe head to see that this is exact. 
If there is any inaccuracy, another lathe should be selected The 
power should consist of one of the largest and strongest electric 
lathes, or motors, made for tlie use of dentists. This power should 
be transmitted to the lathe through an overhead shaft of a length 
that will give good room to operate the lathe witlioiit the motor 
being in the way. A pulley may be placed on the left end of the 
shaft of tlie motor on one of the bra'^s carriers for grinding wheels 
This pulley should carry a good quarter-inch round leather belt. 
Its diameter should be 2h inches The pulley on the right hand 
end of the shaft above should be 5 inches This will reduce the 
speed one-half and double the power On the left end of the shaft 
should be placed a copy — ^reversed — of the pulley on the lathe- 
head, which has 4 grooves This gives good varieties of speed 
with each speed of the motor. Another small pulley will be placed 
near the center of the length of the overhead shaft, the purpose 
of which will be explained later (Figs 336 and 337) 

The grinding apparatus is built upon a base fitted to the lathe 
bed in the same way as the lathe head, or tail-piece. It has one 
main shaft parallel with the lathe bed, in good and sufficient bear- 
ings to maintain accuracy of alignment and perfect steadiness 
for long-continued usage (see Figs 336 and 337). This shaft moves 
freely lengthwise, or back and forward, while tummg slowly in 
its bearings. On the end of this shaft next to the lathe head — ^the 
forward end — ^there is a larger portion, or ring, and this end ter- 

( 403 ) 
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mimtes m i threaded nipple, upon which the removable grinding 
disks are screwed firmlv against the face of this larger ring to 


Fio 336 



Fics 33G and 337 — A general new of the gnndtag machine ahoaing particularly 
the arrangement for transmitting the power from the electric motor to the machine 
that does the work All of this may be made out by reference to the picture while 
following the text The bed of the little lathe on the left hand is 12} inches long 
which gives a good idea of the general dimensions 
The water is delivered to the grinding stone from a rubber bag or bucket bung on 
the frame abo\ e through a rubber tube to the metal tube on n movable stand which 
may be so placed as to bring the bmsb at its end against the stone This stand and 
brush are better seen in Fig 337 

secure accuracy of adjustment The use of these disks will be 
more fulK explained later 
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On the rear end of this shaft, just back of its rear bearing and 
abutting against it, a large movable nut is placed. This is pro- 
vided with a thumb screw by which it is made fast at any point 
desired Turning this forward pulls the shaft back from the grind- 
ing stone. Tm-ning it backv^ard allows the shaft to move forward 


Fig 337 



against the stone It has also a finger reaching back over a grad- 
uated disk just to its rear This disk is made fast on the shaft, 
and the two together constitute the micrometer, by which the 
thickness to which specimens are ground is measured The movable 
nut has 40 threads to the inch. The graduation of the disk is on 
the same principle as that on the screw calipers used by machinists 
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wide that one-quarter of one-thousandth may readilj'^ be used It 
differs in plan, in that both the graduation and the parallel lines 



are placed upon this disk On the machinist’s micrometer the 
lines are placed on the shaft and the graduations on the nut. The 
graduation is read from the side of the finger on the movable nut. 
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should be perfectly flat and parallel with the face of the stone, 
should always be perfectly bright, so as to reflect light through 
the specimen when it becomes thin. This enables one to judge 
very closely of the thickness by the eye (after suflicient practice), 
that sometimes proves a valuable check on the setting of the 
measurement in the beginning. 

The Pomt-finder. — This is a piece of steel one-eighth of an inch 
thick, fitted to the lathe bed and set against tlie face of the lathe 
head, and made fast by a thumb-screw passing through the lathe 
bed from below. It has a strong arm which passes around other 
fixtures between the lathe head and the forward end of the base 
of the grinding machine It is provided with a set-screw, by which 
a range of variation can be made in the distance of the forward 
end of the frame of the grinding machine from the lathe head 
When this is in place and the measurement of a disk has been made 
and recorded for the grinding of a specimen to a specified thickness, 
the machine may be taken to pieces and set up again and the 
grinding proceed without fear of disturbing the measurement, so 
long as the set-screw m the point-finder is not moved It is often 
necessary during grinding to loosen the grinding machine from the 
lathe bed, slide it back to adjust something, to remove disks for 
examination of the progress of the work, etc This point-finder, 
by preserving the distance between the lathe head and the grinding 
machine, enables one to do this at will, and again find his exact 
point of measurement simply by sliding the frame of the grinding 
machine forward against the set-screw of the point-finder. This 
little device seems absolutely necessary to the highest usefulness 
of the machine. 

Lap Wheels and Grinding Stones. — ^I began my work of grinding 
specimens by the use of lap wheels, but soon discarded them because 
they Avere dirty They cut much quicker than stones, however, 
and may be used for the bulk of the work when much grinding of 
very hard material is to be done They are not necessary in grind- 
ing teeth, bone, etc , but in grinding the harder fossils, especially 
those impregnated with the silica, and in some geological work 
they become necessary 

The best lap ivheel I have used is an aluminum wheel Brass 
or iron will do the work, but aluminum holds the grit better, cuts 
with lighter pressure, and does the work quicker. In using these 
I have fed them continuously by hand with carborundum powder 
in soapy water, using a brush. 
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The Stones — ^Anjone' ^ho is doing much grinding should ha\e 
a good suppiv of stones I have a pair of carbonimlum uheels 
a pair of emer^ wheels a pair of India oil stones, and a pair of 
Arkansas stones In each of these pairs one is fine and the other 
coarser grit Evcr^ stone is dressed to a perfect face on the lathe 
head where it is to do its work with a black diamond held in the 
slide rest 

These stones, when put in good shape, seem capable of doing an 
unlimited amount of work The conditions of the grinding pre- 
vents them from getting out of true All that seems necessarj is 
to roughen them a bit with a picking wheel when the> become 
too smooth to cut well For this purpose a much smaller picbng 
tool than the smallest sold for the general mechanical uses seems 
desirable This picking wheel has sharp teeth of the hardest steel 
possible on its peripherv It is held m a handle in such form that 
the wheel is free to turn In use it is held agunst the rapidl> 
rotating stone and slowlv passe<l over its entire surface It maj 
be held m the hand aided b\ a tool rest or ma\ be arranged for 
use in the slide rest, which is the better form for this work 

Watering the Stones — In grinding, the stones are kept wet in 
running ice uaicr A balsam that is too soft to hold a specimen for 
grinding m water at room temperature will hold it perfecth in 
ice water because it is much liardcr when cold For this purpose, 
A receptacle for ice is hung on the frame that holds the overhead 
shaft, and filled with bits of icc and then filled with water Both 
the ice and the water must be clean, for the opening m the tube 
where it passes the vahe winch regulates the flow is verj small 
and a little bit of dirt or trash mi^ht stop the flow In tins case 
the specimen being ground would be burned instaiitlv A bucket, 
or a large rubber bag will answer for this purpose Tlien an ordi 
narj rubber tube answers to conduct the water It is best to have 
this rubber tube to connect with a metal tube mounted on a stand 
that ina> be placed in any position wanted to deliver the water 
to the stone This metallic tube is provided wath a valve for the 
regulation of the flow In its final fend it should be provided wim 
a brush of rather long bristles into which the water is delivers 
and spread upon the stone This brush is made upon a short tube 
fitted into the end of the metal tube To make this brush first 
cover the plain part of the small brass tube with thick shellac 
dissolved in absolute alcohol Place a laver of the bristles aroun 
It and wTap them tightlv with a fine strong thread Then p ace 
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more shellac over this and another layer of bristles Continue this 
until the brush is large enough Then wrap thoroughly with a 
cord in shellac, let it dry, and then trim it up Two of these have 
served for four years of fairly hard usage 

Waste Water — A spatter gtiard is made bj’^ bending a f-inch 
round brass tube into a circle, the inner diameter of which is the 
' size of the stones used, and brazing the ends together solidly. 
Then this is fixed m the lathe and one-fourth of its inner circular 
diameter is turned away The grinding stones will then go inside 
this Then this piece is provided with a foot and hollow post and 
fitted to the lathe bed with a washer and nut, the same as other 
pieces are attached This catches all waste water and through a 
rubber tube attached to the end of its hollow post under the lathe 
bed delivers it into a receptacle so placed by the table as to receive 
it This prevents all of the spattering of water which would be 
thrown from a rapidly revolving wheel without it If it should 
be inclined to run over when a very full stream is wanted, a piece 
of rubber dam may be stretched over the foot and pulled to its 
upper end This may be caught under the guard m fastening it 
to the lathe bed, and will deliver any overflow into a receptacle 
placed to receive it In this way nothing is wet or spattered with 
water 

Preparation of Material. — In the preparation of material, such 
as teeth, bone, etc , in histological work of ordinary delicacy, the 
specimen is first ground flat on one side by hand on a rough stone 
4 inches in diameter, on the motor, and finished perfectly flat on 
one of the finer stones on the lathe head The piece is then washed 
clean and placed in absolute alcohol for a sufiicient time to remove 
all traces of water, or, when cracking or injury from shrinkage is 
not feared, it may be dried in the warming box Then when dried 
and warmed to about 120° F , it is ready to mount with balsam on 
the grinding disk for grinding 

Management of Balsam. — I suppose the management of balsam 
will always be a difficult problem with many persons Many, 
however, learn it quickly One may take the dry balsam and 
dissolve it in xylol, and filter it at a high temperature, say 110° 
or 120° F Or one may use the prepared balsam for microscopic 
mountings. In either case it must be evaporated until stiff enough 
so that it will move rather sluggishly at 110° F., but will be fluid 
at 120° or 130° F. 
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Spiders and Dogs — For using this another bit of ippiratus is 
necessarj A cirtular piece of sttcl made flat ou the upper surface 
is mounted on tliree legs 1| to 2 inches high Tfie steel disk should 
have ttto rows of holes around its periplierj, the one row | inch 
inside the other A hard rolled tool steel wire, or rod 57 inch in 




Fto 340 — The spjder with a gnodiDS disJc upon it and a specimen laid j*® 
secured by bent rods called dog« 'When the e dogt are pressed down 

through the holes in the disk of the spider they hold fast With a litUe 
of the fioger outward on the end of tl» rod below the dale of the epioM ine 8 
slips up and is loosp The disk of lie rpider w three inches m diameter 

diameter, should exactU fit ^ese holes These rods should 
be bent at right angles uith a short mb on the end bent agun at 
right angles so tint it will point dommard nhen the free end o 
the rod is set into one of the hol^ The length between these two 
angles should var> from | to inches m three dozen or more 
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pieces wliich should be prepared The end which goes in the 
holes should be cut so that it will not quite reach the surface of 
the table when dropped into the holes with the end of the nib on 
the surface of the circular plate. These rods are called "dogs” 
(Fig. 340) 

With this arrangement a warming box arranged with a thermo- 
stat to maintain an even temperature, sufficiently high to soften 
the stiff balsam, is used The specunen, the balsam, the grinding 
disk, and the “ spider” are placed inside, and allowed to rest until 
they have reached the temperature desired Then working quickly, 
a sufficient amount of balsam is placed on the grinding disk, and 
the specimen laid on it This should be pressed down until it is 
seen that all space under it is filled with balsam, but no considerable 
excess should be used It is well if this rest so in the warming 
box for fifteen minutes for the balsam to soak well into the speci- 
men Then the grinding disk, with the specimens, should be laid 
on the spider and one of the dogs dropped into one of the holes 
in the steel plate, that will bring its nib on to a part of the speci- 
men chosen Then another, and still another, should be placed, 
each with its nib on a different part of the specimen, so that every 
part of it may be pressed flat on the disk More dogs should be 
added if necessary Now each in turn is pressed down a little, 
one after another, until all are exerting about all the force the 
spring of the rods ivill exert without permanently bending them 
In this condition the wliole thing is again enclosed in the warming 
box. 

At this time any number of specimens of teeth or bits of teeth, 
bone, etc , that the face of the disk wull hold may be placed on the 
disk, and all may be ground together Four to six lengthwise 
sections of incisor or cuspid teeth may be placed at once, or eight 
to tw'elve cross-sections It seems to be best practice, however, 
not to load the disk too heavily Four lengthwise sections will 
grind better than six, as a rule 

Now, after the loaded disk had remained in the w’arming box 
until all balsam that w ill come has been squeezed out from under 
the specimens, all excess of balsam should be verv carefully removed, 
or wiped away, close up against the specimens Nothing clogs a 
stone and stops its cutting more effectually than balsam smeared 
over it, and every excess that may come against the stone should 
be got out of the way. 

When this is done the whole thing should be returned to the 
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warming box for from one to four hours, so that it may dry some 
about the margins at least Then it may be remo\ed from the 
warming box and allowed to cool and await convenience m grind 
mg It should, howe^er, remain secured on the spider by the 
dogs if it 13 to wait more than a few hours for the disposition 
of dentin to w vrp m drying maj pull some part of the specimen 
from the disk Under these conditions, two or three dajs, or a 
week, w ill do no harm 

When the grinding is completed, the disk is remo\ cd from the 
machine and the specimens flushed with clean water, and dried bj 
the pressure of a soft napkin folded to se\ oral thicknesses or clean 
pieces of waste cotton fabric mav be used Then the disk with 
its specimens should he laid m a dish and sufficient xylol added 
to co\ er it, and allow ed to rest until tlie balsam has been dissolv ed 
and the specimens released This will usually require from twentv 
to thirt\ minutes or sometimes as much as an hour I\Tien the 
specimens are \cr\ thin tlicj loosen much quicker than when 
thick An\ material not penetrated b\ xjlol, as silicified petn 
factions and stones, require much more time 

^Mlen the specimens have loosened, thc> are read) for permanent 
mounting for microscopic study 

Rapidity of Ormding — In order to make rapid progress m grinding 
specimens one should have sit to ten grinding disks, nearly as 
many spiders, and a large supply of dogs The maclune is so 
nearly automatic m its action that it needs but little watching 
so that the preparation may be going on while the grinding is m 
progress One of the principal points that needs attention is the 
flow of water But if the water and ice placed in the receptacle 
are clean and free from dirt or trash that mav stop the flow of 
water, the only care is that the quantity of water is kept up The 
vessel should be large enough to hold a supply for several fiours 
If the stone should run dry, the specimen would be destroyed m 
a few seconds 

Settmg the Measurement of GnDding Disks — ^When beginning 
anv considerable senes of gnndmgs, the first thing of importance 
is to try out and obtain a record of the measurements of each 
grinding disk for the particular stone that may be selected for 
finishing I find that most persons, after some practice, prefer 
to use a fine stone for the entire gnnd In grinding teeth, after 
roughing clown the surface that is to form the specimen the bac 
is also ground away to a flat surface that wall better accommoda e 
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the placing of dogs in mounting on the grinding disks. These may 
be made quite thin and reduce the grinding with the fine stone. 
Then the stone selected is placed m the lathe head, seeing to it 
carefully that the face of the stone is clean Then the grinding 
machine is brought up in contact with the set-screw of the point- 
finder. The tail-piece is placed in position and pushed up so as to 
make some pressure on the shaft. Then, with the large nut the 
shaft is so adjusted that the grinding disk being tried comes close 
to the stone but does not touch it. Now start the machine and 
note the running carefully, and while doing so catch the adjusting 
nut of the micrometer and move it one-thousandth at a time, and 
listen for the first touch of the disk to the stone. The moment 
this is heard, quickly reverse the movement of the adjusting nut 
and separate the disk from the stone Try this again and again, 
until you feel very certain of having detected the first touch of 
the stone on the disk by moving the adjusting nut half or a quarter 
of Tu^o O ' inch. At last, while it is touching, stop the machine in a 
position to see the finger on the adjusting nut, and read the measure- 
ment and enter it on your record for that disk. In setting for a 
grind with this disk, turn the ad]usting nut so as to draw the 
grinding disk back from the stone inch. When the specimens 
to be ground are mounted on this disk, place it back on the machine, 
start it, seeing that the iced water is running first, and let it run 
until it ceases to cut, which it will do when the forward movement 
of the shaft is stopped by the contact of the adjusting nut of the 
micrometer with the rear bearing of the shaft 
Then remove the disk and examine the specimens carefully. If 
the placement has been accurate, the specimens will be too thick. 
Replace the disk carefully and turn the nut forward so as to grind 
one-thousandth of an inch thinner, or one may do only a half of 
one-thousandth at a time Repeat this until the section seems to 
be thin enough Then remove and mount the sections and judge 
them with the microscope By this time one will have arrived at 
an accurate measurement of this disk, and the record will be trust- 
worthy for other grinds, and will not have to be repeated until 
the wearing of the stone begins to leave the specimens a bit thick 
Then a half-thousandth of an inch will bring it right. And so on, 
and on Each disk will be treated in the same way for each stone 
used, and if one is doing much grinding all will be running on their 
records, and all go smoothly. Recently a man who was grinding 
sections of teeth for me made all of the preparations, preparatory 
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grindings, and disk mounts, ground and removed from the disks 
ready for mounting fortv full length sections of central mcisors 
in SIX hours, and had his lunch during the time E\ erv section was 
Complete, tv as even in thickness in every part, and all practically 
the same thickness — a thickness chosen for the special studies in 
hand 

Grinding Frail Material — ^While the machine facilitates the 
production of the more ordinarv sections to such a degree as to 
be indispensable to one having many grindings to do, it is in 
the production of sections of very frail material that the grinding 
machine stands out as v astlj superior to other methods of grinding 
In the study of canes of enamel in vvhich disintegration has ren 
dered the remaining tissue very frail and likely to fall to pieces 
before it is sufficiently thin, tie may obtain the required thinness 
and yet retain all of the tissue I have also produced exceedingly 
fine sections of sahvarv calculus and equally good sections from 
small crumbs of serumal calculus The production of these is 
slow, but fairly certain of good results 

Also in grinding sections of fossil teeth, fossil woods, and the like, 
m v\hich very fine sections are too brittle to be handled in an\ 
IV ay except as stuck to glass the machine gives excellent results 
In geological work it practically removes the difficulties Good 
sections of the very brittle stones can be made with fair safety by 
grinding on the cover glass 

Plans for Grmdrng Frail Material — ^Much very desirable material 
for microscopic investigation will be found that js so frail, or at 
least so brittle, when reduced to sections thin enough for microscopic 
investigation that it will crumble to pieces, either in the grinding 
or in the mounting by the ordinary processes For grinding and 
mounting such material the following proce«!ses have been slowlv 
evolved These may be divided into the balsim process and the 
shellac process Such matenal that, when made fast to a cover 
glass and ground in hard balsam is not liable to go to pieces when 
this hard balsam is softened by sticking the specimen and ghss 
cover to a glass slide may be ground in hard balsam If, however, 
the different parts are liable to separate and change position when 
the balsam softens shellac should be used for the grinding I ha'c 
had some very sorrowful failures lu grinding rare specimens of 
enamel that liad no cementing substance between the enamel rods 
in hardened balsam For when the softer balsam was added to 
mount the specimen on the glass slide, the hard balsam w as softene 
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and the enamel rods floated out of position All such material as 
wiU not hold together strongly enough to prevent this should be 
ground in shellac. 

To grind in hard balsam, the one side of the specimen may be 
ground flat on the rough stone and then dried out in absolute 
alcohol Then the ground side should be saturated to sufficient 
depth mth soft balsam, and laid aside until the balsam has become 
hard enough to grind smootlily Then the grinding and polishing 
of this first side should be completed by grinding away all balsam 
from the immediate surface, and sufficiently into the substance 
of the specimen to produce a clean, smooth surface of the material 
When this has been done, and the surface dried, it should be 
mounted on an ordinary cover-glass, the thickness of which should 
have been measured and recorded In this mounting the cover- 
glass should be laid on a spider and weight enough placed upon it 
to insure a perfect fit of the surface of the glass This should be 
subjected to about 120° F heat for from one to five or six hours, 
for the purpose of expressing the last bit of balsam possible from 
between the specimen and the cover-glass Then it may rest, 
awaiting the convenience of the operator, for several days, but the 
balsam must not be allowed to become “brittle hard,” because in 
that case it loses toughness All excess of balsam about the margins 
of the specimen should be carefully removed to facilitate the 
hardening of that which remains, and especially so that it may not 
come in contact with the grinding stone, stick to its surface, and 
interfere with the cutting. 

Good judgment must be acquired by practice as to the hardening 
of balsam and shellac in these grinding processes The best idea 
of it that can be given in words is this. The balsam or the shellac 
must have become firm enough so that it will not drag or alloiv the 
specimen to move while grinding in iced wafer Neithei must it 
become hard enough to become brittle, for then it becomes liable to 
break 

WTien ready, the specimen is mounted on the grinding disk 
This is done by first cleansing the disk, finishing with xylol, and 
then sealing the cover-glass to this with soft balsam. This should 
be placed on the spider and well weighted down with dogs. All 
excess of balsam should be carefully wiped away from the margins 
of the cover-glass. This may be quickly dried at 120® F., or more 
slowly at room temperature. It should, however, be warmed for 
a half-hour or more, for the purpose of expressing as much balsam 
27 
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as possible This cover glass will be n ell held for grinding in 
iced water ^ith onlj a little drying about the margins, if all excess 
of balsam is cleaned ana\ ctosd} The balsam should not become 
very hard 

If the specimen is of considerable bulk and of a qiuht j of material 
that can be cut with a steel saw, tlie disk maj be caught in a vase 
“with leather cushioned jans to avoid bruising” and the bulk 
of the material removed with a jeweler’s saw, leavmg only a 
moderatelj thm section for grinding Or if the material is verj 
liard as stones sihcified fossils etc , the disks maj be mounted 
upon the slide rest and cut wath the slicing disks to be described 
later 

The specimen is now readj for the final grinding The record 
for measurtment with the particular stone to be used in finishing 
has been made tried outoiv unimportant material, and the cover- 
glass has been measured and its record made Uifh fhw data, 
the disk IS screved to its place the micrometer turned to the 
proper mcasuremenl for the finish, the iced water arranged, the 
machine set in motion, and it wall do the rest 'When coarser 
stones are used for cutting aw8> considerable material, I find tho&e 
with just a little expenenoe prefer to gauge the amount of the 
cutting bv the ev e for the coarse stone 

Removal of the Cover glass from the Disk —I remove the cover 
glass with the specimen from the grinding disk in two different 
wajs, as seems at t!it time best 

First the grinding disk i$ placed on a heated piece of metal 
that will w irm the grinding disk quicklj Have a stick of rather 
soft wood rtadv, the end of which is cut to a rather sharp angle 
and thinned down almost m the form of a blade When the grind 
mg disk begins to warm catch the margin of tlje cover glass with 
the end of the stick and begin to make steadj pressure is the 
disk warms so as to soften the balsam the cover gla«s will begin 
to move under the stcadv pressure slowlv at first but more rapidh 
later and wall slide off the grinding disk before the specimen is 
loosened For this plan the cover glass should be prettv strong, 
one and one-lnlf to two thousandths of an iQcli thick Otberm«e 
there will ht great danger of breaking it It is well m some cases 
to run just a httie x>loI around the margins of the cover glass 
and partiailv dissolve the balsam that has become dntst before 
the heating Great care must be taken not to allow the xjlol to 
spread on to the specimen for it would loosen it ver> quickb 
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The specimen is then turned downward and placed on a tiny 
drop of balsam on a glass slide, and quickly pressed doira close 
and level. As the new balsam will soften the old, it should not be 
moved further than to quickly apply a light spring clip to hold it 
steady The parts of the specimen are less likely to move if this 
IS laid on ice for an hour or more. 

The Use of Shellac. — In the second plan shellac is used instead 
of balsam for hardening the specimen and holding its parts together 
m the first grinding. This part of the work is otherwise done in 
the same way. The drying of the shellac requires more time usually 
than the balsam. 

The attachment of the cover-glass to the grinding disk is done 
in the same way as when balsam is used to hold the specimen on 
the cover-glass — ^that is, with balsam. The grinding proceeds 
similarly in every respect. 

In the removal of the cover-glass from the grinding disk, and 
mounting the specimen, comes the important differences in the 
two processes Xylol dissolves balsam very quickly. But xylol 
does not dissolve shellac at all. Therefore, instead of pushing the 
cover-glass of the grinding disk, the disk is laid in xylol and the 
balsam dissolved out. In this there is no danger of detaching or 
moving the specimen if the handling is careful. When cleaned, it 
IS inverted upon a glass slide on a drop of balsam without fear of 
movement of parts of the specimen, no matter how frail 

The Preparation of Shellac. — To keep shellac in condition for 
this work has some difficulties The dry scales should be dis- 
solved in absolute alcohol so as to make a moderately thick varnish. 
It should then be filtered at a temperature of 110° to 120° F., or 
be made thinner and filtered at room temperature Great care 
should be exercise/! to keep the filtrate from exposure to a damp 
atmosphere, for it absorbs water readily and then will throw down 
fine crystals, which destroj”^ its value for microscopic purposes. 

After being filtered it should be evaporated in a close warming 
box in about 110° to 120° F , to the consistence of sjTup In doing 
this it is well to divide the supply into two or three grades — a 
thinner, medium, and a thicker solution. The thinner solution 
will be used for saturating frail specimens before any cutting is 
done. The thicker solutions for attaching specimens to the cover- 
glass for grinding The medium solution for either purpose, as the 
material may seem to require. 
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The Gnnding from Crumbled Material —There is often important 
material for investigation that can be had onlv m verv small crumbs, 
or broken pieces, such as serumal calculus, sands, crumbled bits 
of strange stones, or mixtures'of such material as is found m some 
of the coarser sands These on microscopic ina estigation, ma\ 
tell important stones as to their origin and throw important light 
upon geological questions In addition to the ordinarj microscopic 
observation, the polariscope may be turned on these, and reveal 
important facts as to their ongin and structure Also manv things 
will be found in botanical work, such as obtaining sections of small 
seeds, and the like, which will give important information 

Having done a few of these grindings especiallj of the very 
frail dental material, such as serumal calculus extremely frail 
fossil teeth, etc , pHnsof work more or less well adapted have been 
developed 

For instance, I have obtained etccllent sections of serumal 
calculus which can be had only m small crumbs or flakes m this 
wise A small collection of these bits are first immersed for a 
time in absolute alcohol, or until all nir has been removed if thev 
are dry, or if they are freshly gathered, until all water has been 
removed Then a cover glass is prepared by covering its central 
part with the thicker solution of shellac, and these crumbs arc 
placed m this, in what seems to be the best position for obtaining 
sections These are allowed to soak lull of the shellac, under a 
close cover and then uncovered to dry up Then if some of the 
pieces seem to ne< d it, more shellac is added from time to time 
until the embedding seems sufficient This may be dried at room 
temperature or in the warming oven at 110® to 120® F Shelhc 
should not be subjected to much higher temperatures for a con 
siderable time, because continued high temperature for many davs 
together seems to injure the strength 

Wien this IS sufficientlv hard for smooth grinding, and before 
it has become too brittle (determining this point requires some 
experience) the preparation is ctmented to the grinding disk with 
balsam and ground to such a point as seems most favorable for 
obtaining sections This point is to be determined by frequent 
removal of the disk from the machine and examination of the 
exposed surfaces of the several pieces 

^Yhen this part is done, the cover glass is dissolved off of tlie 
grinding disk by xylol Then another cover glass is attached to 
the surface icith the least ■possible amount of shellac This m turn w 
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dried to the right consistence Then the last cover-glass placed — 
that is, the one on the side that has been ground — is secured to the 
grinding disk with balsam. When this has set it is placed on the 
machine and the first cover-glass is ground away and the section 
ground to the required thinness. They are again dissolved off of 
the grinding disk, and may be at once mounted in balsam on the 
microscopic slide. 

Difficulties in Grmding. — In the grinding of material enveloped 
in shellac, or in balsam, either of these materials are apt to gum up 
the stone and stop the cutting, or render the grinding very slow 
When this is from balsam, it may be quickly removed after dr> ing 
the stone by washing with xylol on a brush, or a bit of cloth, while 
the stone is slowly revolved 

When clogged with shellac, the washing is done with absolute 
alcohol This requires much more time, and some advantage 
may be obtained by using pumice stone with the cloth or with 
cork After rubbing wuth pumice stone, a very thorough w'ashing 
with alcohol should be made to remove the last particles of pumice, 
before rebegmnmg the grmding. Even with this, the ground 
surface is apt to be rough or scratched for a time by particles of 
the pumice lodged on the stone These wdll soon disappear, liow- 
ever. Yet the pumice should not be used in the last portion of the 
grinding 

With much grinding of hard substances, the surfaces of the 
stones become worn so smooth that they do not cut well TJien 
the picking tool should be run over the surface until it is perccptibl;s 
roughened. This will cause the stone to cut briskly for a con- 
siderable time, and at first — following such sharpening — the 
ground surface of the specimen is likely to be full of scratciies. 
In that case a smooth stone .should be used for the finishing. 

hlucli care should be taken in keeping the stones in good condi- 
tion. Except in the ways mentioned, no dirt or grit should be 
allowed to come m contact with their surfaces. A single particle 
of grit lodged in tlie surface of the stone will fill tlie whole surface 
of the ground section with scratches Although I shut u]) my 
stones in a clo'^c-fitting drawer, I find it neccs'^ary to co^o^ each 
with a close-fitting cloth tJiat E so closely wo^en as to exclude 
all dust. 

Ill taking care of the machine itself, one cannot be too careful. 
All of the bearings of the lathe head and of the grinding mafliinc 
should be .swaddled with candle wick saturated with oil to prtwent 
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the ingress of gnttj particles This is espeaall\ needful when 
using the aluminum saws and feeding them with carborundum 
poiider Then e\er\ bearing about the whole machine should be 
especially protected to preaent the possibility of getting grit m 
the bearings Carelessness in such a matter will quickh rum a 
fine bit of mechanism But with this care, such a machine should 
continue to do its work well for a lifetime (Figs 341 and 342) 


Pio 311 



Fias — {rrangnnent for tttexngttry hard matmat Pjg 311 is tbe more 

ordinal} Mew of the niarluno «ith the elide rest and olijact holder m positioo lo 
Fig 342 the lUho is turned afioul to gUe a bt.ticr view of the elide rest object holder 
spatter guard and aluminutn disk lo these illustrations the slotted tube is used 
( ee tCTt) to h jld the object lx ing «ut Notice that the disk used for cuttmE >s sur 
rounded bv a spatter guard w hich is opeo for a space at one side so that the periphery 
of the disk may be used in cutting This gua^ gathers all water aod grit used in 
cutting and d Imrs it into t^ pm below Uuougb its hollow post tVbcn doing 
this kind of work all of the bennogs of the machine should be carefully wrapped 
(swaddled) to keep tiiem safe from intrusion of gnt 

The Slicing Mechanism — This is an arrangement for slicing 
\ery hard substances whidi cannot be cut with the ordmarv steel 
saw — such ns the enamel of teetli sihcified fossils, rocks etc This 
consists of an nlurninum disk fitted to the hthe head and sur 
rounded bt a special form of spatter guard that admits of the 
use of tlie periplicrv for cutting and an object holder fixed upon 
the slide rest of the lathe The object holder consists of a clamp 
that grasps a brass tub< slotted at the free end m winch teeth, or 
other objects max be made fast with plaster of Pans or sealing wax 
for slicing Or in place of this a brass mandril, upon tlie end of 
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which there is a tiireaded nipple by wliich any of tlie grinding 
disks may be attached These are fixed in tlie position of the 
ordinary tool post, and maj’be swung horizontally to any possible 
position in relation to the aluminum disk An object can there- 
fore be so placed on the disk as to be cut m any direction desired. 
Usually these are fixed upon the disk with sealing wax In using 
the aluminum disk it is fed with carborundum powder suspended 
m soapy water to give it some stickiness This is applied with 
a brush by hand, and is kept going so constantly as to prevent the 
disk from running dry The ordinary aluminum plate, of twcnty- 


Fig 342 



four to thirty gauge, may be used for making these. 'J’he,! are first 
cut m circles by hand, as large as the lathe vill swing (4 inches), 
and then are cut down to 3^ inches with a tool in the slide rest 
These arc quickly made when wanted They wear out rajiidly, 
and yet one of them will do much cutting of very hard stil)stances, 
and do it accurately and delicately Rings may readily be out 
from the ordinary test-tubes without .special danger of breaking. 
Tlie crown of a molar tooth may be cut into many slices, fossil 
teeth, silicificd fossil woods, stones, etc., may readily be ‘;li(cd as 
thin as they can be handled in the after-work of preparation. 
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THE THEORY OP HTSTOLOGICAL TECHNIQUE 

The first requirement of histological technique is to obtain a 
general Mew of the theory of procedure llanj beginners make 
tlie mistake of supposing that directions for histological technique 
can be follow cd like the receipts of a cook book or the directions 
for an experiment in chemistry This is ver\ seldom the case, and 
while it is always necessary to followr directions accurately, it is 
still more necessary to follow them intelligentlv All histological 
methods require judgment For instance, the length of tune 
required for xy lol to replace absolute alcohol in a block of tissue 
which IS to be embedded depends upon tlie size of the piece, the 
character of the tissue, the temperature, and possibly some other 
factors It IS therefore impossible to say exactly what time would 
be required and the experimenter must use the judgment which 
has been acquired as the result of experiment In the same was no 
experimenter can make up o stain and be sure that it will work 
exactly like the last lot made by the same formula until he has 
tried it Esen with the same stain the length of time required for 
staining a section depends upon tlie thickness of the section the 
character of the tissue, and the preliminary technique it has been 
through So that all time directions must be considered as approx 
imate and to be successful the experimenter must study, first, the 
object to be obtained by the use of each reagent and the peculiar 
action of the reagent upon the tissue 

For obser\ation with the compound microscope transmitted 
light IS ordinarily used The object must therefore be thin and 
transparent enough to allow the light to pass through it The 
higher the magnification the smaller the field, that is, the smaller 
the portion of the tissue that can be seen at one tune and the 
less depth of focus and consequently the thinner the sections 
must be A section that would be excellent for study with the | 
objective ma\ be almost valueless under a itj sections that 
( 424 ) 
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are splendid under the might be of little value under the f . 
In other words, the thickness of the section should be related to 
the magnification with which it is to be studied, and to the size 
of the structural elements which make up the tissue For the 
study of the organs and tissues of multicellular organisms there 
are three general methods — (1) teasing, (2) maceration, and (3) 
sectioning 

Teasing. — In this method a small portion of the living tissue 
is torn apart with two needles m a drop of normal salt solution or 
some indifferent medium which will not affect the tissue In this 
way it IS spread into a thin film and squeezed a little between 
a slide and cover-glass so as to separate the structural elements 
when they may be directly observed Of course, m studying such 
a preparation it must be remembered that the tissue has been 
forcibly torn apart and effects of violence must be looked for. 
These often bring out facts of structure which would not otlier- 
wise be as easily seen After teasing the living tissue, staining 
agents may be used to facilitate the study of structure The fresh 
tissues are often so transparent and made up of substances of so 
near the same refracting index that very little structure can be 
made out without the use of staining agents It must be borne 
in mind that staining agents are of two classes, diffuse and selective 
A diffuse stain gives an even color to all of the tissue and facilitates 
the study chiefly by rendering it less transparent A selective 
stain combines more readily with one portion of the tissue than 
another, rendering it more conspicuous Selective stains therefore 
must be thought of as chemical agents which combine with parts 
of the cell or tissue and demonstrate chemical differences in the 
structural elements For instance, basic anilines react vith the 
chromatin of the nucleus, producing a colored compound The 
stain may then be washed out of the section, leaving only the 
nuclei colored Acid anilines in general are diffusive stains giving 
a general color to the cytoplasm In a similar way certain stains 
will react only or chiefly with intercellular substances, rendering 
them more conspicuous For staining freshly teased specimens 
methyl green, the formula for which vnll be found under the para- 
graph on stains, is an excellent agent Teased specimens are never 
very permanent, though they may be preserved for a considerable 
length of tune by mounting in glycerin or glj ccrin jelly and putting 
a ring of varnish or white lead around the edge of the cover-glass 
so as to prevent evaporation 



426 


aPPMDIX CBAPTEk J1 


Maceration — ^\Vhen an organ is composed of more than one 
tissue the structural dements maj be separated bj selecting an 
agent ov hich will act upon one and not upon the others for mstani e 
the muscle fibers of a voluntary muscle may be separated b> 
treating a piece of tissue with dilute alkali, which will soften and 
dissolve the connective tissue, allowing the muscle fibers to sepa 
rate In a similar way dilute alcohol will soften the cementing 
substance between the epithelial cells first treating a piece 
of tissue w ith the proper agent and then teasing the form of the 
structural elements of the tissui can be made out By treating 
a portion of connective tissue containing both white and elastic 
fibers with dilute hydrochloric or acetic acid which dissolves the 
white fibers elastic fibers which could otherwase not be seen maj 
be made out Macerating and teasing methods are of great a'isis 
tance to the stud\ of tissues in sections, and it would be often verj 
difficult tn obtain true ideas of structure from sections without 
their assistance 

Sectiomng — ^For the studv of the structural elements m thur 
relation to each other m the tissue sectioning is the one method 
As thev exist in the bodv, however, some of the tissues are too soft 
and others too hard to allow the cutting of a thin enough slice 
without disturbing the relation of the structural elements Thev 
must therefore be put through rather an elaborate process in which 
the object of ev erv step roust be understood 

Dissecting — ^Tirst of all the material for histological work must 
bp absolutelj fresh that is, living It must be remembered that 
living cvtoplasm is chemicalK different from dead cjtoplasm, and 
a soon as death occurs postmortem changes begin which graduallj 
destroj the structure The period from death to the beginning of 
histological methods of preparation should be measured m minutes 
not in hours Tissues that have been dead for a few hours will 
not react with the staining agents i>o as to produce the brilliant 
specimens that can be obtained from fresb material, and often a 
few dav s w ill render material entirely useless except for the gto^wT 
anatomical relations The specimens to be studied should be 
dissected while the cells of the tissue are still alive and in doing 
uO the greatest care should be used not to disturb the relation of 
the tissues 

rixmg — Histologically this word means Idling After dissect 
ing out the tissue to be studied, and while the cells are still alive, 
It must be immersed m some liquid that will kill the cells an flz 
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their structure as when alive. The pieces should be made small 
enough for the fixing agent to penetrate them rapidly, and the size 
of the piece that can be used depends upon the density of the 
tissue, its character, and the nature of the reagent. Some fixing 
agents are very much more penetrating than others. All fixing 
agents coagulate or set the cytoplasm and tend to prevent shrinkage 
The success of all the following steps and the value of the specimen 
for the study of detail of structure depend upon the perfection of 
fixation. 

The fixing agents most commonly used are bichloride of mer- 
cury, potassium chromate or chromic acid, osmic acid, alcohol, 
and formalin The formulas for the same will be found on pages 
439 and 441 

Hardening — Since all the fixing agents coagulate living cyto- 
plasm, they are also to a greater or less extent hardening agents, 
and after fixing tissues may be handled with less danger of dis- 
turbing the relation of the structural elements Some fixing 
agents, especially chromic fluids, may be continued in their action 
as hardening agents until the tissue has attained the proper consis- 
tency for sectioning, but, as a rule, it is necessary to use other agents 
for this purpose In all cases the fixing agent must he thoroughly 
xoashed out of the tissue before the process is continued Alcohol 
is the universal hardening agent, and at the same time it removes 
the water from the tissue In carrying tissues from water to alcohol 
several grades must always be used, and the more delicate the 
tissue the more gradual must be the changes If a piece of tissue 
IS taken from water and placed in 95 per cent alcohol, the diffusing 
currents will be so strong as to disturb structure and at the same 
time the hardening action is so energetic as to produce slirmkage 
From water a tissue should never be placed in alcohol stronger 
than 70 per cent , where it should be allowed to remain for twenty- 
four hours From 70 per cent it may be taken to 95 per cent 
for the same length of time, and from 95 per cent to absolute, 
which will entirely remove the water and prepare the tissue for 
embedding. If the tissue is very delicate, it should be placed in 
water, then in 50 per cent alcohol, and carried through in grades 
of 10 per cent, to 95 per cent. 

Embeddmg. — In order to cut thin sections of tissue the piece 
must be surrounded and infiltrated with some firm substance which 
^all not onlj'^ support the entire piece, but will soak through the 
tissue, filling all intercellular spaces and supporting the individual 
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Structural elements At the same time the embedding material 
13 used to fasten the tissue firmly to a block of fiber or wood which 
can be grasped m the clamp of the sectioning machine Two kinds 
of material are used for this purpose Substances that are fluid 
i\hen i\arm, and solid when cold as paraffin, or substances ^\hich 
maj be dissoUed m volatile liquid and are solidified bj evapora 
tion, as celloidin In both of these methods the substances, as a 
rule, arc either oily or insoluble m water, and therefore the tissue 
must be thoroughly dehj drated — that is, ha\ e all the w ater remo\ ed 
from it before it is placed in the embedding material To accora 
plish this there should be at least one change of absolute alcohol 
From the absolute alcohol the tissue should be placed in a fluid 
ahich IS a solvent for the embedding material, so that it will pene 
trate tlie tissue more perfectl> and rapidly Heat is ahv aj s injurious 
to the tissue and in embedding m paraffin, therefore, the tissue 
should be kept in the melted paraffin for the shortest possible time 
and paraffin of as low a melting point as is consistent with suffi- 
cient hardness for cutting should be used In embedding by 
e\ aporation the ev aporation should not be too rapid or the shrinkage 
will be increased Tissues may be kept blocked and rcadv to cut 
for a long time, but as a general principle the shorteV the time the 
more perfect w ill be the specimen 

Sectioning —For sectioning some sort of machine is necessary, 
and manj kinds have been designed, the general principles of 
which are all the same They consist of a clamp which holds the 
knife and a clamp winch holds the specimen, and can be adjusted 
m such a waj as to bring the specimen m proper relation to the 
knife The position of the specimen is advanced b\ a micrometer 
screw so that sections of any desired thickness mav be sliced The 
delicate part of tins machine is the micrometer screw The essen 
tial to the success of its working is the sharpness of the razor, 
and for such specimens as decalcified bone the razor must be heavj 
and strong so that the edge will not spring in cutting the hard 
tissue 

Staining — The detail of staining process will be described m 
the next chapter, but it must be remembered that stams, as a rule, 
are water solutions and the sections must be earned tlirough the 
grades of alcohol to water before they are ready for the stain 
After staining thej must be earned back through the grades of 
alcohol, so as to remove the water entirely before the> mu be 
mounted m balsam which is not soluble m water 
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Mounting. — ^Except in serial work, but one specimen should be 
placed on a slide, and this should be in the center, leaving room at 
either end fot a label. In serial work the sections may be placed 
at one end of the slide, preferably the left hand, leaving room at 
the right for one label 

Labellmg. — ^Nothing in histological technique is more important 
than labellmg, especially in all research work Through every 
step of the process the specimen must be kept track of, and a 
mixing of labels may spoil months of work A laboratory note-book 
containing a record of all material and work should always be on 
the tables I have found a system of date and number convenient 
For instance, on June 4 a number of specimens are dissected out, 
in the note-book the record of the source of the tissue is made; the 
first piece is placed in a bottle of fixing fluid and the bottle labelled 
6-4-1911, No 1, the second, 6-4— 1911, No 2, and so on In the 
note-book the description of each block and the date and the hour 
when it was placed in the fluid is recorded In this way the tissue 
may be carried clear through recording each step m the process, 
and when it is sectioned and mounted we can follow its history in 
the note-book Every slide should be labelled first with the date 
and the block number so as to follow its technique, second, the 
name of the tissue, and third, the kmd of staining This should 
be placed on the right-hand label, leaving the left-hand label for 
index and file number if the section is preserved 

Indexing and Filing. — ^hlany beginners make the mistake of not 
indexing and filing their slides They think because they have 
only a few, that they can easily find anj'thing they want, and that 
they will wait until they have a larger number before they begin 
a system, but when a large number have piled up they can never 
find time to go back and arrange them as they should be And 
only one who has failed in this way knows the annoyance of looking 
through hundreds of slides to find one that he knows he has some 
place. 
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so as to gu e a meltmg-point at about 52* In winter softer paraffin 
should be used than in summer, as the cutting quahtj depewls 
upon the adjustment of the paraffin to the temper iture of the room 
If the paraffin is too hard the sections are liable to tear and curl 
if it IS too soU, the structure of the tissue wjH be disturbed m 
cutting Perfect infiltration is alwra\s necessarj for good sections 
Chloroform or oil of cedar may be substituted for xvlol m this 
process \jlol is most rapid, but has some disadvantages m its 
action on the tissues, especially if left too long 
Cutting Paraffin Sections— If the specimen has been pi iced at 
one end of the block the other end of the panffin ma> be clamped 
m the microtome If the piece is too small it should be fastened 
to 1 block of vulcanizetl fiber witli melted paraffin and the fiber 
block clamped in the specimen holder \Vi^ a sharp scalpel the 
excess of paraffin around the specimen should be trimmed off, 
leaving the block m a rectangular form Tlie microtome kmfe 
Is pheed at right angles to the microtome bed, and the side of the 
block sliould be parallel nith the blade The specimen should 
be brought up just to the edge and tlie first section cut The knife 
should be moved with a quick, sharp motion as paraffin «ection3 
are chopped wlien the knife is in this position The kmfe is pushed 
back the block lifted with the micrometer screw so as to give o 
section of the proper thickness, and the second section cut If 
tlie paraffin is of the proper consistency and the block has been 
properlj trimmed, the edge of the second section will stick to the 
first and the sections stretch out over the kiufe m a ribbon The 
ribbons mav be trinsferrcd to a piece of clean white paper and 
complete series of sections cut "When series are not required larger 
specimens are often cut better b> placing the blade of the knife 
obliquch and drawing it witii a slow, even motion tlirough the 
block If the sections show a tendenej to roll up when the corner 
of tile section begins to curl over tlie edge of the kmfe, it mav be 
tiught nitli the tip of a cdiaelshair brush and so section after 
section transferred to the paper Paraffin sections should cut at 
a thickness of from seven to ten microns, but sections as thm as 
one mitron may be cut from small blocks under ideal conditions 
Handling of Paraffin Sections — ^For staining paraffin sections 
must be fastened to the slide or cover ghss If a few sections 
are to bt cut tlie slide is preferable, if mnn> sections as m 
preparation of class work, square cover glasses should be used 
In either case the glass must be ftbsoIutel> clean A stock of per 
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fcotly clean slitles ami cover-glasses should always be kepi on hand 
(see p. ‘W) A thin fdin of alinnnin fixative is spread upon the 
glas^; this film must he as thin as possible. The best s\ay to spread 
It is to imt a drop of fixative on a glass slab or an ordinary slide, 
inw'h the edge of the drop with tlic end of the little finger and 
spread it over the cover-glass, wiping olT all that can be removed 
with the finger. Lay the eo\ er-glasses film side up on a piece of 
jiajier until the required inimber have been prepared As each 
section is cut it is laid on a cover-glass, straiglitencfl, and pressed 
down with a camers-hair brush If the sections curl or wrinkle 
they should be floated on water warmed just enough to soften the 
jiaraffin but not melt it. As eacli section is cut it should be dropped 
on the top of the water, where it will straighten out When a 
number liavo been jilaeed on the surface of the water they may 
be picked up by holding the cover-glass in the jioint of the pliers 
and slijiping it underneath the section and lifting it as on a section 
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Via 343 — Morns stninmR disli. 

lifter 3'hc water is drained off and the co\er-glass placed in the 
groove of the tray of a hlorris staining dish,' show n in Fig 343 
Each tray will hold about thirty cover-glasses. They must now 
be thoroughly dried by leaving them over night at room tem- 
perature or for a shorter time in a warm oven, whicli should not 
be hot enough to melt the paraffin ^^^^cn dry, each cover-glass 
should be picked up in the pliers and passed quickly through the 
middle of a Bunsen flame, so as to coagulate the albumin, or thej 
may all be fixed at once in an oven Heat that will just melt the 
paraffin will coagulate the albumin and hold the section on the 
glass By means of a little wore basket the tray with the thirty 
cover-glasses may now' be carried from one dish to another througli 
the following necessary reagents. First, a minute or tw'o in xylol 
to remove the paraffin, then absolute alcohol, then 70 per cent , 
then w'ater, Delafield’s hematoxylin for five minutes, distilled 
w'ater to w'ash off the stain; acid alcohol (70 per cent, alcohol to 
w'hich 2 or 3 drops of hydrochloric acid has been added to every 

' These nre manufactured by Bnusch & Lomb 
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100 cc of alcohol), again washed m tap water to remove and 
neutralize the acid (some prefer alcohol to which a few drops of 
ammonia have been added), 70 per cent alcohol eosm for thirty 
seconds, 70 per cent alcohol, then 05 per cent , then absolute 
and finally xylol From the xylol the sections may be mounted 
or given out to the class For class work a student brings to the 
desk a clean slide with a drop of balsam on the centre and receives 
a section 

Summary ol Paraffin Method — 

Tissues in 80 per cent alcohol 

95 per cent alcohol, twenty four hours 

Absolute alcohol (changed once), twenty four hours 

Xylol, one-half to six hours 

\y lol and parafiin, one-half hour 

Soft paraffin, one half to six hours 

Hard paraffin one to six hours 

Block 

Section 

Fix on glass 

Heat 

Xylol, one minute 
Absolute alcohol one minute 
95 per cent alcohol, same 
70 per cent alcohol, same 
Distilled water 

Hematoxylin, five to ten minutes 
Tap water 
Acid alcohol 

Tap water or ammonia alcohol 

70 per cent alcohol 

Eosin, thirty seconds 

70 per cent alcohol 

95 per cent alcohol 

Absolute alcohol 

\yloI 

Mount in balsam 
Label 

Celloidm Method — ^Tissues fixed and washed are taken from 
per cent alcohol and placed m 95 per cent for twenty four hours, 
then in absolute alcohol for the same length of time changing 
the alcohol once Then into a mixture of absolute alcohol an 
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ether for twenty-four hours, from this into a thin solution of cel- 
loidin, in which they should remain for from two days to a week. 
From the thin solution they should be placed in a thick celloidin 
solution, about the consistency of syrup, for the same length of 
time. The tissues may be kept in the celloidin solution indefinitely 
without injury, and if the tissue is difficult to infiltrate it may be 
of advantage to leave them in these solutions for weeks or months 
In this case the bottles must of course be perfectly corked to prevent 
evaporation. 

Blocking of Celloidm Material. — There are several methods for 
. blocking celloidin materials, of which the author prefers the fol- 
lowing Thick celloidin is poured into a Stender dish or a small 
Petrie dish until there is enough to abundantly cover the specimens, 
which are arranged on the bottom of the dish A match or bit of 
cork is placed under the edge of the cover so as to allow slow 
evaporation In a day or two the celloidin will attain the consis- 
tence of a thick jelly A knife is now passed around each tissue 
and the celloidin containing the specimen lifted out, and the excess 
of celloidin is trimmed away. A vulcanized fiber block has one 
surface dipped into the thick celloidin and the specimen arranged 
upon it Thick celloidin is now added to surround and cover the 
tissue with its adherent celloidin As soon as this is hardened so 
as to form a film it is dropped into 80 per cent alcohol to harden 
the entire mass. In this it must remain at least twenty-four hours 
before it can be sectioned. Tissues embedded in celloidin may be 
kept for years in 80 per cent alcohol blocked and ready to cut 
without great injury to the tissues 

Celloidin solutions for embedding should be kept in two grades 
and labelled “thick” and “thin” celloidin. The latter should be 
quite fluid, the former about a syrup consistence Scherring’s 
celloidin is furnished in two forms, in shreds and granules The 
former will dissolve more rapidly About half an ounce is placed 
in a large-mouthed bottle, and a mixture of equal parts of absolute 
alcohol and ether added. It dissolves slowly and should be shaken 
frequently. When this solution is sufficiently thick, part may be 
poured into another bottle and diluted vdth sufficient absolute 
alcohol and ether for the thin solution, while the thicker portion 
is poured into a bottle for the thick solution, and absolute alcohol 
and ether may be added to the stock bottle to dissolve the residue 
When blocking tissues as described above the trimmings are dropped 
b^ck into the stock bottle, 



43G 


APPE^DIX CHAPTER III 


Cutting Celloldin Sections — The fiber block 13 clamped m the 
specimen holder and adjusted The knife is set diagonally so as 
to cut with a drawing motion, and both the knife and the block 
are kept flooded mth 80 per cent alcohol The sections may be 
allowed to pile up on the knife, and after eight or ten are cut thej 
are slid off AMth a carael’s-hair brush on to a section lifter and 
transferred to 80 per cent alcohol, m nhich they may be kept for 
some time 

Staining Celloidm Sections — ^For transferring celloidm sections 
the most convenient thing is n small tea strainer with a handle 
These may be got for a few cents at any hardware store By means 
of this the sections are transferred to 70 per cent alcohol, from tins 
to distilled water, and are stained from five to ten minutes m Dela 
field’s hematoTjhn The stain is then washed off with tap water, 
destained with acid alcohol, washed m tap water or ammonia 
alcohol stained thirty seconds m eosin w ashed wnth 70 per cent 
alcohol from this to 95 per cent, in which tlie> should be given 
two or three changes From this they are transferred to beech 
wood creosote or some other clearing agent (see p 445), and in this 
thej may be kept until they are readj to mount or to be given out 
to the class For class work the student brings to the desk a clean 
slide, and a section is placed upon the center of it After blotting 
off the CTcess of oil he adds a drop of balsam, covers with a cover 
glass, and labels the specimen 
Summary of Celloidm Method — 

Tissues in 80 per cent alcohol 

95 per cent alcohol, twenty four hours 

Absolute alcohol, changed twice, twentv four hours 

Absolute alcohol and ether, twentj four hours 

Thin celloidm, two davs to a week 

Thick celloidm, the same 

Evaporate 

Block 

80 per cent alcohol to harden or store 
Sections cut m 80 per cent alcohol 
70 per cent alcohol oneunmute 
Distilled water 

Hematovj Im, five to ten minutes 
Tap water 
Acid alcohol 

Tap water or ammonia alcohol 
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70 per cent alcohol 

Eosin, one minute. 

70 per cent alcohol to wash. 

95 per cent alcohol, changed twice. 

Creosote. 

Mount in balsam. 

Label. 

Serial Sections with Celloidin. — ^It is difficult to cut series of sec- 
tions with the celloidin method The simplest process, and one 
used with success, is to carry the sections in order from the knife 
to the slide, arranging three or four at one end of it and leaving 
room for a label Strips of porous tissue paper are cut the proper 
size and one laid over the sections to hold them in place. A thread 
is then lightly wrapped around the slide and paper, when they may 
be carried through the necessary agents for staining, in Naples 
jars After they are cleared the paper is removed, the excess of 
the oil blotted off, the balsam put upon the section and covered 
with a long cover-glass 


SPECIAL METHODS. 

Dental Pulp. — ^The unerupted premolars from a young sheep 
furnish excellent material for the study of the dental pulp The 
jaws of sheep slaughtered for spring lamb can be easily obtained 
from the stockyards, and while still warm are placed in Muller’s 
■fluid and formalin, in which they are taken to the laboratory. 
The temporary incisors are still in place and may be used for peri- 
dental membrane material. 

With the bone forceps the cortical plate is removed and the 
unerupted teeth dissected from their crj^ts. By grasping the 
base of the dental papillae -with the pliers the pulp may be pulled 
out of the dentin. They should then be replaced in Muller’s fluid 
and formalin for twenty-four hours, when they may be carried 
through the usual process, embedded m paraffin, and sectioned. 

Human Pulps. — ^By the cooperation of the extracting room human 
pulps for histological work may be obtained As soon as extracted 
the tooth should be wrapped in a gauze napkin, placed in the 
jaws of a heavy vise, which is carefully tightened until the tooth 
cracks. The same thing may be accomplished by a heavy hammer 
on an anvil A few trials of this will enable one to crack the tooth 
so that the pulps may be easily removed witliout injury. The 
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cracked tooth is put m Muller*s fluid and formalin for twenty 
four hours ^hen the pieces of dcntm are removed and the pulp 
carefully lifted out of the pulp chamber It is then carried through 
the reg:ular process, embedded in paraffin, and sectioned If the 
teeth are not perfect chmcal history should be noted 
Penosteiim — Young kittens that have not attained their full 
growth may be used for this purpose The bone should be very 
carefully dissected so as not to injure the periosteum and then 
sawed in pieces using a fine metal saw It is usually best simply 
to saw it in two at the middle of the shaft and to fix it m Muller s 
fluid and formalin After fixing and washing it should be cut in 
small pieces and decalcified in 2 to 5 per cent nitric acid A com 
paratnely large volume of acid should be used and a pad of cotton 
placed in the lower half of the bottle or the tissue suspended by a 
thread It is best to change the acid once a day Decalcification 
may require from two days to a week and should be tested by 
passing sharp needles through the tissues As soon as decalcified 
the tissue should be washed for twenty four hours m running 
water, earned through the grades of alcohol and embedded m 
celloidin The sections should be cut at right angles to the shaft 
Pendental Membrane — For class work the peridental membranes 
of sheep are the best for study, as their fibers are large and their 
direction easily observed They are mucli better than those of 
either cat or dog, m which the fibers are much finer and the bone 
more dense The jaws are brought from the stockyards in Muller’s 
fluid and formalin, the crowns broken off at the level of the gum 
so as to expose the pulp chamber, and the jaws sawed through so 
as to leave two tectli in eacli block, after which they are replaced 
in Mullers fluid and formalin for two days, decalcified in nitric 
acid, and thoroughly washed Thev may now be cut into small 
blocks for transverse sections and embedded in celloidin 
Embryological Material — ^For the study of the tooth germ m 
class w ork embry o pigs of all ages are easily obtained The entire 
embry o should bt at once placed m hluller’s fluid or a saturated 
solution of picric acid and water In Muller's fluid they should 
remain a week, m picric acid, forty-eight hours After fixing, 
the heads are cut off thoroughly washed, earned through the 
grades of alcohol and embedded in pariffin 
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FIXING AGENTS AND STAINING SOLUTIONS. 


Cleaning of Slides and Cover-glasses — Slides or cover-glasses on 
wliicii paraffin sections are to be mounted must be absolutely 
clean They should be dropped in strong sulphuric acid and allowed 
to remain a few minutes The acid should then be poured off and 
thoroughly removed with water, and strong acetic acid poured on. 
After remaining a few minutes wash the acid off thoroughly and 
wipe from alcohol. Keep ready for use in a clean box 
Meyer’s Fixative. — ^The white of an egg is cliopped with a pair 
of scissors and filtered through muslin, diluted with an equal volume 
of glycerin, and a little sodium o.xalate added to prevent decom- 
position. 

FIXING AGENTS. 


Flemmmg’s Solution. — good solution for fi.xing nuclear struct- 
ures is the chromic acid solution of Flemming’ 


Parts 


Osmic acid, 1 per cent aqueous solution 10 

Cliromic acid, 1 per cent aqueous solution 23 

Glacial acetic acid, 1 per cent aqueous solution 10 

Distilled -water , 55 


Small pieces are fixed in a small quantity of the fluid for at least 
twenty-four hours They are then washed for the same number 
of hours in running water and passed through 50, 75, and SO per 
cent, each twenty-four hours into 90 per cent, alcohol. 

A stronger solution is made as follows: 

Part' 

Osmte acid, 2 per cent aqueous solution . 4 

Chromic acid, 1 per cent aqueous solution 15 

Glacial ni etic acid , 1 

Fol's Solution — A modification of Flemming's solution 


Parti. 

Osmic acid, 1 per cent, aqueous solution . 2 

Chroinic acid, 1 per cent, aqueous solution . 2.3 

Glacial acetic .acid, 2 per cent aqueous solution 5 

Di'tilled v.'iter . .OS 
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Corrosive Subbmate — An excellent fixing fluid is made bj satu 
rating distilled rvater T\ith corrosive sublimate Small pieces 
about 0 5 cm m diameter are immersed in this fluid for from tliree 
to twentj-four hours, then iiashed in running water for twentj 
four hours, and then transferred into 70 per cent alcohol After 
tw ent> -four hours the tissues are placed in 80 per cent for the same 
length of time and then preser\ed m 90 per cent It often occurs 
tliat after changes in temperature crystals of sublimate are formed 
on the surface or in the interior of object Tor their removal 
a few drops of iodine and potassium iodide are added to the alcohol 
(P Majer) It is a matter of lodifference whether tJie 70 per cent , 
80 per cent or 90 per cent alcohol is thus iodized In future 
treatment of the object, as well as in sectioning, anj such ervstals 
of sublimate will not be found to be a hindrance In the case of 
delicate objects it is better to undertake their removal after sec- 
tioning bj adding iodine to the absolute alcohol then used 

Acetic Sublimate Solution — ^An excellent solution specially used 
for embrjonic tissues and for organs containing onl> a small quan 
titj of connective tissue To a saturated aqueous solution of sub 
limate, 5 to 10 per cent of glacial acetic acid is added After 
remaining two to three hours or more in this solution, the objects 
are transferred to 35 per cent alcohol and then passed through 
the higher grades of alcohol 

Picnc Acid — Small and medium-sized objects (up to 1 cc) are 
fixed in twenty four hours in o saturated aqueous solution of picric 
acid (about 0 76 per cent ) Objects of considerable size may be 
left m this solution for weeks without detriment The tissues 
are then transferred to 70 or 80 per cent alcohol, m which they 
remain until the alcohol is not colored bj the picric acid Instead 
of a pure solution of picric acid, the picrosulphuric acid of Kleinen 
berg, or the picric acid of P Maver may be used Picrosulphuric 
acid IS made as follows 1 cc of concentrated sulphuric acid is 
added to 100 c c of a saturated aqueous picric acid solution 
Allow this to stand for twenty-four hours and dilute with double 
its volume of distilled water The picric acid solution is made by 
adding 2 c c of pure nitric aad to 100 c c of saturated picric acid 
solution Filter after standmgfor twenty-four hours 

Chromic Acid — Chromic acid is used in a | to 1 per cent aqueous 
solution Small pieces are fixed for twenty four hour's larger ones 
for a longer time The quantity of the fixing fluid should equal at 
Iea'>t more than fifty times the volume of the tissues to be fixed 
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After fixing, objects must be waslied for at least twenty-four hours 
in running j^’ater, then through the grades of alcoliols, and preserved 
in SO per cent Two to 3 drops of formic acid to every 100 c c of 
chromic acid solution improve their fixing properties 

Muller’s Fluid — 

Potassium bichromate 2 to 2 5 grams 

Sodium sulphate 1 gram 

Water 100 c c 

This solution requires a long time for fixing, at least several 
weeks, and for large pieces several months During the first few 
weeks the solution should be changed every three or four days 
and later once a week, until it remains clear Tissues should be 
thoroughly washed in running water at least twenty-four hours. 
For some special purposes it is better to wash in alcohol Tissues 
should be carried through the grades and preserved in SO per cent 
alcohol. ^Vlnle tissues are in Muller’s fluid they should be kept in 
the dark 

Muller’s Fluid and Formalin - — 

Mailer's fluid 100 c c 

Formehn 10 c c 


The addition of formalin to Muller’s fluid greatly hastens fixa- 
tion, It is an excellent agent of great penetrating power, and tissues 
stain very well after it Twenty-four hours will fix tissues of ordi- 
nary size, though they may be left longer vithout damage Bone 
fixed too long in formalin is liable to be hard to cut. 

Zenker’s Fluid — 



Grams 

Potiissium bicLromafc 

2 o 

Sodium sulphate 

1 0 

Corrosive sublimate 

.S 0 

Ghriiil arctic acid 

S 0 

Wafer 

100 0 


Add the glacial acid in proper proportion to the quantity of the 
solution to be u‘;ed, and not to the stock solution Allow the tissues 
to remain in this •solution for from six to twenty-four hours Then 
wa'^h m running water for from twchc to twenty-four hour.s and 
transfer to gradually concentrated alcohol. Crystals of sublimate 
vhich may be pre.scnt are remo\ed with iodized alcohol Zenker’s 
fluid ])enc(rates easily and fixes nuclear and protoplasmic structures 
equally w ell u itlioiit decr<>asing t he stainiiu: qualities of the elements 
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ForroaUn — Of recent years formalin, which is a 4 per cent solu 
tion of the gas fonnaI(leb>dc m water, ins been much u«!etl as a 
fixing fluid Make a solution by adding 10 parts of formalin to 90 
parts of w ater or normal saline solution Small pieces of tissue 
shmilil rtraain in this for from twehe to twenty four hours, larger 
pieces a number of day s or weeks, and then tr insfor to 90 per cent 
alcohol 

STAINING AGENTS 


Dclafield’s Hematoxylin — 

nematOTylin crystals 4 grams 

Absolute alcohol 3>; c e 

Ammonia alum aqueous soluliou 400 e c 

Methyl alcohol 100 e e 

Obeenn 100 e.e 


Dissohe iieraatoxyJm c/astals in absolute olcohol and add to 
the alum solution, place in an open vessel for four days, then filter 
and add the meth'I alcohol and glvcerin 
Hcmalum (Mn^cr 91) — One gram of hemafm is dissolved by 
heating m 50 c c of absolute alcolio) This is poured into a solu 
tion of 50 gnms o! alum m 1 liter of distilled water and the whole 
well stirred tlivmol crystal is added to prevent the growth of 
fungus The advantages of hcmalum is as follows Thestammay 
be used immediatelv after its preparation, it stains quickly never 
overstaming eipeciallv when diluted mth water, and penetrates 
dtepiv making it useful for staining in bulk After staining sec 
tions or tissues ire washed m distilled water 
Safranln — 

SAfraun 1 gnat 

Absolute akohol lOcc 

AniLne water 00 c.c. 

Aniline water is prepared by shaking up 5 c c to S c c of aniline 
oil m 100 <- c of distilled w ater and filtered through a wet filter 
Dissolve the safranin in the aniline water and add the alcohol 
Filter before using 

Stain sections fixed in Flemming's solution for twenty four 
hours and decolorize with a weak solution of hydrochloric acid m 
absolute alcoliol (1 to 1000) After a varying period of tune, 
usually only a few minutes all the tissue elements will be found 

to have become bleached only the chromatin of the nucleus retain 

mg the color 
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Methyl Green. — ^Stains very quickly. One gram is dissolved in 
100 e c. of distilled water to winch 25 c c. of absolute alcohol is 
added. Rinse the sections in water, then place m 70 per cent 
alcohol for a few minutes, transfer to absolute alcohol for a minute, 
etc. 

Hematoxylin. — Van Gieson’s Acid Fuchsin-Picnc Acid Solution. — 
Stain in any of the hematoxylin solutions, and after rinsing sec- 
tions in water counter-stain in the following 

Acid iuchsin, 1 per cent aqaeous solution , 5 c c 

Pionc acid, saturated aqueous solution 100 c c 

Dilute with an equal quantity of water before using The hema- 
toxylin stained sections remain in tlie solution from one to two 
minutes, are then rinsed in water, dehydrated, and cleared 

Hematoxylm-Eosin . — Sections already stained in hematoxjdin 
are placed for two to five minutes in a 1 to 2 per cent aqueous 
solution of eosin or in a 1 per cent solution of eosin in a GO per 
cent solution of alcohol. They are then washed in water until 
free from the stain, after which they remain for a short time in 
absolute alcohol. In place of the eosin solution a 1 per cent aqueous 
solution of benzopurpiirin may be used for the following solution 
of erythrosin (Held). 

Erythrosin 1 grata - 

Distilled water , 150 c c 

Glacial acetic acid 3 drops 

Silver Nitrate Method. — ^Especially useful for staining intercellular 
substances of epithelium, endothelium, and mesothelium, and 
the ground substance of connective tissues It may be used on 
either fresh or fixed tissues, fresh tissue, however, being more 
satisfactory. Spread the tissues to be stained in thin layers, 
immerse in a 0 5 to 1 per cent solution of silver nitrate from ten 
to fifteen minutes, rinse in distilled water and place in fresh dis- 
tilled water or 70 per cent, alcohol or a 4 per cent, solution of for- 
malin and expose to direct sunlight until they assume a brown color. 
The sunlight reduces the silver in the form of fine particles which 
appear black on being examined with transmitted light The 
preparations thus obtained may be examined in glycerin or dehy- 
drated and mounted in balsam. 

Glycerin. — ^To mount in glycerin transfer the sections from water 
to the slide, cover with a drop of glj'cerin, and apply the cover-slip. 
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SeUiona colored with a stain tliat would be injured bj contact 
with alcohol and where clearing is not especially necessary arc 
mounted tliiswaa 

Farrant’s Gam Glycerin — In place of pure glycerin the following 
mixture maj be used 


Glycerin SO c c 

W ater 50 c c 

Gum arable (poTrder) 50 grams 

Arsenous acid 1 gram 


Dissolve the arsenous acid in water Place the gum arabic in a 
glass mortar and mix it with the water, then add tlie gl>cerm 
Tiltcr through a wet filter paper or through fine muslin To pre 
sene such preparations for any length of time the cover glasses 
must be so fixed as to shut oflf the glycerin from the air For this 
purpose cements or varnishes arc used, bv painting over the edges 
of the cov er glas«i These masses adhere to the gloss, harden, and 
fasten the cover glass firmlv to the slide, hemteticaJIj sealing the 
object KrSnigs is one of the best formulas for varnish, and is 
made as follows Melt 2 parts of wax and stir m 7 to 0 parts of 
colophonium and filter the moss hot Before employing an oil 
immersion lens it is best to paint the edges w ith an alcoholic solution 
of shellac 

Slim Nitrate — In thin membranes and sections the vessel walls 
can be rendered distinct bj silver impregnation, which brings out 
the outlines of their endothelial cells This may be done either 
by injecting the vessel with a I percent solution of silver nitrate, 
or with a 0 25 per cent solution of silver nitrate in gelatin This 
method is of advantage, since after hardening the capillaries of 
the injected tissues appear slightly distended Organs thus treated 
can be sectioned but the endothelial mosaic of the vessels does 
not appear definitely until the sections have been exposed to sun 
light 

The injections of lymph channels, lymph vessels, and lymph 
spaces 13 usually done bv puncture A pointed cannula is thrust 
into the tissue and the sjnnge empties by a slight but constant 
pressure The injected fluid spreads by means of the channels 
offering the least resistance For this purpose it is best to use 
aqueous solution of Berlin blue or silver nitrate as the thicker 
gelatin solutions cause tearing of the tissues 
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Clearing Agents. — Clearing agents are substances of high refract- 
ing index, mostly oils, which are used to displace alcohol and pre- 
pare tissues for embedding and sections for mounting m balsam. 

Clearing agents for embeddmg in paraffin must be miscible with 
alcohol and solvents for paraffin They are called clearing agents 
because tlie tissues become translucent and clear in them. Xylol 
is the most rapid and probably most used agent It has, however, 
a hardemng action on the tissues, especially if they remain too 
long in it Pure oil of cedarwood when free from turpentine is 
an excellent agent Chloroform has been largely used for the same 
purpose 

Before celloidin sections are mounted in balsam they must be 
cleared For this purpose an oil that will mix with 95 per cent 
alcohol is desirable, as absolute alcohol softens the celloidin The 
oil used must not dissolve the celloidin, and should not dissolve 
the stain Beechwood creosote is an excellent agent, and has been 
largely used It clears sections rapidly from 95 per cent alcohol. 
Oil of bergamot is an excellent agent, also oil of origanum; but in 
the latter the oleum origani cretici and not the oleum origani 
gallici must be used. A mixture of equal parts of oil of bergamot 
and beechwood creosote has been used satisfactorily, and is an 
excellent agent A clieaper mixture is made of equal parts of 
phenol, oil of origanum, and oil of cedarwood 
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